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NOTICE

The ICR Microbia Laboratory Manual was prepared by the authors in responseto a
request from the Office of Water for support in ICR implementation. The methods
and laboratory approval components contained in the manual were based upon
consensus agreements reached at several workshops attended by industry, academia
and U.S. EPA personnel and input from the ICR Microbiology Implementation team,
which consisted of U.S. EPA personnel from the Office of Research and Develop-
ment, Office of Water and representatives from Regional Offices. The manual has
been peer reviewed by experts outside of U.S. EPA in accordance with the policy of
the Office of Research and Development. Mention of trade names or commercial
products does not constitute endorsement or recommendation for use.
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SECTION . INTRODUCTION

BACKGROUND ON THE INFORMATION COLLECTION RULE (ICR)

The United States Environmental Protection Agency (U.S. EPA) ingtituted aformal
regulation negotiation processin 1992 to develop the Disinfectant/Disinfection By-Product
(D/DBP) Ruler The Advisory Committee that was established to negotiate the regulation
included representatives from the water industry, State health agencies, environmental groups,
consumer groups, and the U.S. EPA. During negotiations, the Advisory Committee realized
that setting strict limits on the levels of disinfectants and disinfection by-products (D/DBPs) in
drinking water could result in increasing risk of waterborne disease from pathogens. To
balance the risks from pathogens and chemicals, the Advisory Committee made several
recommendations and the final result was the development of three new drinking water
regulations.

The Disinfectant/Disinfection By-Product Rule was the primary rule negotiated. The
Advisory Committee recommended a two step approach to regulating the D/DBPs with the
first stage of the regulation coinciding with aregulation to ensure microbial safety of the water.
The Stage 1 D/DBP Rule: 1) setslimits on the amount of disinfectants allowed in drinking
water; 2) reduces the limits on total trihalomethanes (TTHMs) from 100 n.g/L to 80 ng/L; 3)
sets limits on additional DBPs (sum of five haloacetic acids[HAAS], chlorite, and bromate); 4)
requires the use of enhanced coagulation by utilities treating surface water containing total
organic carbon (TOC) concentrations above certain levels; and 5) appliesto all community and
non-transient noncommunity water systems.

The second rule developed during the negotiation processis the Enhanced Surface Water
Treatment Rule (ESWTR). It specifieslevels of treatment to control pathogensin drinking
water based on microbial quality of the source water. This rule would become effective at the
sametime as the Stage 1 D/DBP Rule.

Thethird rule that was recommended by the Advisory Committee is the Information
Collection Requirements Rule (ICR). Thisrule addresses data needs in three areas.

The most critical element of the ICR involves the collection of data on the concentrations
of specific microbes. Cryptosporidium, Giardia and total culturable viruses are being moni-
tored in surface waters that are used to produce drinking water and in drinking water, when
high concentrations are found in surface water. In addition, data are being collected on the
concentrations of indicators of human pollution in these waters. The data collected during the
ICR will be used in the development of the ESWTR.

157 FR 53866, November 13, 1992



The second element of the ICR involves the collection of treatment plant operational data
and monitoring of the source water and drinking water for general water quality characteristics,
DBPs, and surrogates for DBPs and DBP precursors. These data from the ICR will be used to:
1) characterize the source water parameters that influence DBP formation; 2) determine
concentrations of DBPsin drinking water; 3) refine models for predicting DBP formation; and
4) establish cost-effective monitoring techniques. Development of the Stage 2 D/DBPruleis
dependent upon analyses of these data.

The third element of the ICR requires some systems to conduct bench or pilot scale
studies on DBP precursor removal using either granular activated carbon or membrane
filtration. The purposes of these Precursor Removal/ICR studies are: 1) to obtain more
information on the cost effectiveness of these technologies for reducing DBP levels; and 2) to
decrease the time systems would need to install such technology, if it was required under a
Stage 2 D/DBP rule.

ENSURING DATA QUALITY FORTHE ICR

One of the mgjor issues during development of the ICR concerned the quality of the data
that would be generated during the monitoring period. The Advisory Committee recognized
that the data must be both accurate and precise to meet the ICR objectives. Everyone realized
the difficulty in ensuring data quality considering that the data are to be generated by many
laboratories. Maintaining data comparability between |aboratories would be necessary to use
the data for sophisticated correlational analyses and to have data that are useful for predicting
DBP formation as a function of water quality conditions. The Advisory Committee felt that
the only way to ensure that useable datais obtained isfor the U.S. EPA to assist the drinking
water industry in identifying qualified laboratories for performing the analyses required by the
ICR.

In August 1993, U.S. EPA convened a technical workgroup to assist in developing
approaches for ensuring microbiological data quality. Representatives from utility, state and
commercia |laboratories were present at the three day meeting. Personswere invited to this
meeting based on their expertise in one or more of the following areas: 1) analyzing for
microorganisms; 2) day-to-day management of laboratory operations; and 3) drinking water
laboratory certification programs.

The technical workgroup made several general recommendations on approaches to
ensure data quality. These recommendations were included in the proposed ICR.? The work-
group's recommendations and public comments to the proposed rule were used by the U.S.
EPA to develop this manual.

59 FR 6332, February 10, 1994



SECTION . LABORATORY QUALITY ASSURANCE PLAN

All [aboratories analyzing samples for the ICR will be required to adhere to defined
guality assurance procedures to ensure that generated analytical data are scientifically valid
and are of known and acceptable precision and specificity. To facilitate the accomplishment of
these goals, each laboratory must have awritten description of its quality assurance activities, a
QA plan, describing the QA management of day to day routine operations. The plan must be
available for inspection for ICR laboratory approval and during the time which the laboratory
is performing I|CR measurements.

The laboratory's QA plan should be a separately prepared text. However, documentation
for some of the listed QA plan items can be made by reference to appropriate documents, such
asthe laboratory's SOPs, U.S. EPA Methods, or to Standard M ethods for the Examination
of Water and Wastewater . Laboratories currently certified for coliform analyses under the
Drinking Water Certification program may use their current QA Plan for ICR bacteriological
monitoring. Items pertinent to the protozoan or virus analyses may be placed in an addendum.
This addendum must contain all the QC criteriafor these anayses.

The following items should be addressed in each QA plan:

LABORATORY ORGANIZATION AND RESPONSIBILITY

1. Include achart showing the laboratory organization and line authority, including QA
Managers.

2. List the key individuals who are responsible for ensuring the production of valid measure-
ments and the routine assessment of QC measurements

3. Specify who isresponsible for internal audits and reviews of the implementation of the
QA plan and its requirements.

PERSONNEL

1. Listanalysts academic background and water analysis experience.

2. Describetraining available to keep personnel up to date on regulations, methods and/or
TOM.

FACILITIES

Describe the following:

Arrangement and size of laboratories

Bench space

Storage space
Lighting

El NN
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O N oG

Air system

L ab reagent water system
Waste disposal system
Safety considerations

FIELD SAMPLING PROCEDURES

Identify samples collected, describe how samples are collected, sample containers,
holding, transport times, and temperature.

Describe sample identification and information recording system, chain-of-custody
procedure, if applicable.

LABORATORY SAMPLE HANDLING PROCEDURES

1. Describe sample storage conditions.

2. Describe the laboratory's sample tracking system; specify procedures used to maintain the
integrity of all samples, i.e., logging, tracking samples from receipt by laboratory through
analysisto disposal.

EQUIPMENT
For each equipment item describe the following:

1. Specifications

2. Cdlibration procedures, frequency, standards

3. Quality control records

4. Preventive maintenance and schedules, documentation

SUPPLIES
Describe the specifications for major supplies, including storage conditions for reagents

and media:

1. Laboratory glassware and plasticware

2. Chemicals, reagents, dyes and culture media

3. Filters

LABORATORY PRACTICES

1.
2.

Describe the following practices:

Preparation of reagent-grade water
Glassware washing and preparation

-2



3.

Sterilization procedures

ANALYTICAL PROCEDURES

1.
2.
3.

Describe al reference methods used
State that the analytical methods described in this manual will be followed
Identify available SOPs

QUALITY CONTROL (QC) CHECKS

NogahkrowbdE

Describe how the following are performed:

Confirmation/verification procedures, frequency
Sterility controls

Replicate analyses; frequency

QC samples, source; frequency

PE samples, source; frequency

Spiked samples

Between analyst deviation

DATA REDUCTION, VERIFICATION, VALIDATION AND REPORTING

El NN

Describe the procedures for the following:

Datareduction, e.g., conversion of raw datato mg/L ., coliforms/100 mL, etc.
Ensuring the accuracy of data transcription and calculations.

Validation, e.g., how are ICR QC requirements met?

Reporting, including procedures and format for reporting data to utilities EPA

CORRECTIVE ACTION CONTINGENCIES

w N

Define the laboratory response to obtaining unacceptable results from PE or QC samples
and from internal QC checks

Identify persons with responsibility to take corrective action

Describe how the actions taken and the effectiveness of the actions taken will be docu-
mented

RECORD KEEPING

1.
2.
3.

Describe how records are to be maintained (e.g., electronically, hard copy, etc.)
Describe how long records are to be kept.
State where records are to be stored.



A laboratory QA plan should be concise but responsive to the above-listed items.
Minimizing paperwork while improving dependability and quality of data are the intended
goals. " Preparation Aidsfor the Development of Category | Quality Assurance Plans,"
EPA/600/8-91/003, is a document laboratories may find useful in preparing a QA plan for the
ICR. It can be obtained by calling the National Risk Management Research Laboratory,
Technical Information Branch at 513-569-7562. Not al of the above sections are described in
the project plan guidance (i.e., [aboratory sample handling and record keeping) and the goals
of alab QA Plan in genera are different from the goals of a QAPP. Theformer describes QA
Management of day to day routine operations and the latter describes goals, interactions and
procedures for a specific project. By adding to the QA lab plan what will be done to meet ICR
criteria, the lab will develop a Project Plan for the ICR responsibilities.



SECTION I1I. LABORATORY APPROVAL PROCESS

CERTIFICATION AND LABORATORY APPROVAL PROGRAMS

L aboratories requesting approval to perform quantitative analyses for total coliformsand
fecal coliformsor E. coli in source and drinking water for the ICR must be certified under the
drinking water laboratory certification program as specified by 40 CFR 142.10(b)(4) and
141.28. Inthis program, the U.S. EPA certifiesthe principal State laboratory and with certain
exceptions other laboratories in non-primacy states (40 CFR 142.10). Each State certifiesall
other drinking water laboratories within the State.

Laboratories that will perform quantitative analyses for total coliforms and fecal coliforms
or E. cali in source water and drinking water must provide validation of certification under the
drinking water laboratory certification program. These laboratories are requested to complete
the Verification of State Certification form (Appendix A) and return the form to the U.S. EPA
Officelisted.

The drinking water |aboratory certification program does not address analyses for the
pathogens of relevance to the ICR — Giardia, Cryptosporidium and total culturable viruses.
Rather than broaden the drinking water |aboratory certification program to cover these
organisms, U.S. EPA has developed a separate program for the ICR, using the term "labora-
tory approval" rather than "laboratory certification.”

Thefinal ICR Rule does not require that water systems monitor for Clostridium or coli-
phage and these organisms are not included in the laboratory approval program. However,
water systems may monitor for them and submit their datato the ICR database. |If thisoption
is chosen, the methods and QC conditions described in this manual should be followed.

A major difference between the drinking water laboratory certification and laboratory
approval programsis that the latter requires that certain laboratory personnel be individually
approved. All principal analysts must be approved for protozoan analyses (Giardia and
Cryptosporidium). All principal analysts and all analysts must be approved for anaysis of
total culturable viruses. Each approved laboratory and each individua who must be individu-
ally approved will be assigned a unique identification (ID) number or code.

DESCRIPTION OF APPROVAL PROCEDURE

Laboratory approva will require: (1) submission and acceptance of an application for
approval, (2) satisfactory anayses of unknown Performance Evaluation (PE) samples; and (3)
passing an on-site laboratory evaluation.

Theterm “analyst” will be used in the remainder of this section to refer to all principal
analysts and analysts who must be individually approved. Only these analysts must obtain
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successful performance with PE samples. They will aso be required to demonstrate method
proficiency during the on-site visit.

Application for Approval:

The laboratory approval process for pathogen testing will begin when the laboratory
director makes aformal request for approval to the:

ICR Laboratory Coordinator

U.S. EPA, Office of Ground Water & Drinking Water
Technical Support Division

26 West Martin Luther King Drive

Cincinnati, OH 45268

Upon receipt of the formal request for approval, the U.S. EPA Laboratory Coordinator
will provide the requesting laboratory an application form to be completed and returned. Only
laboratories that meet the minimal facility, equipment and personnel requirements described in
the application package will be considered for approval. The application packageis repro-
duced as Appendix B.

Laboratories will be notified in writing when their application for approval is accepted.
L aboratories meeting the minimal requirements will receive one copy each of the appropriate
sampling and methods videos and their accompanying guides and a copy of thismanual. In
addition, U.S. EPA will provide buffalo green monkey kidney (BGM) cellsand an MPN
computer program to all laboratories meeting minimal requirementsfor virus analyses. All
|aboratories meeting minimal requirements for protozoan analyses will be supplied a spread-
sheet for calculating Giardia cyst and Cryptosporidium oocyst concentrations. The supplied
cell line and computer programs must be used during I|CR monitoring to ensure uniform
results.

Quality Control Samples:

Quality Control (QC) samples containing known Giardia cyst, Cryptosporidium oocyst
and virus concentrations will be provided to anaysts requesting approval. These samples,
which are described in detail in Section 1V, may be used for internal QC checks and to gain
method proficiency. Successful analyses on QC samples will be required for ongoing appro-
val during the ICR monitoring period. The datafrom QC samplesfor ongoing approval must
be entered into an ICR Laboratory Quality Control System software developed to track QC
data and sent monthly in electronic form to the ICR Data Center at the address given below.
The package containing the diskette with QC data must be postmarked no later than the last
day of each month.

11-2



U.S. EPA (ICR4600)
ICR Data Center

Room 1111 East Tower
401 M Street, SW
Washington, D.C. 20460

Performance Evaluation Samples:

Under the laboratory approval program, qualified laboratory personnel must analyze
satisfactorily PE sample sets to become approved and then subsequent sets every month to
maintain approval. Each analyst must process the PE samples for Giardia/Cryptosporidium or
total culturable viruses as normal samples as described in the method protocols (Section V11
and Section V111, respectively). While personnel who do not have to be individually
approved are not required to analyze PE samples, they must process the same portions of PE
samples for analysts that they would for actual water samplesto be tested. A hard copy of the
PE data must be sent directly to the ICR Laboratory Coordinator at the address listed above.
The hard copy of the data must not include the laboratory name, address or any other identify-
ing information. Thisinformation should be included only on a cover letter accompanying the
data.

A set of PE samplesfor initia approval will have seven to ten samples. For laboratories
analyzing protozoan samples, PE sampleswill consist of 1 um nominal porosity filters
containing either a blank synthetic matrix or amixture of Giardia cysts and Cryptosporidium
oocysts in various concentrations in a synthetic matrix. For laboratories analyzing virus
samples, PE samples will consist of IMDS filters containing either a blank synthetic matrix or
attenuated poliovirus type 3 in various concentrations in a synthetic matrix.

A set of PE samplesfor ongoing approval will have two samples. The samples typeswill
be the same asfor initial approval. Conditions for maintaining ongoing approval are described
in Section VI.

A standard statistical method will be used to determine the mean concentrations, variation
and pass/fail acceptance limits for PE samples using either data from reference laboratories or
overal datafor each lot from all laboratories.

If an analyst failsthe initial PE sample set, the analyst will have a second chance with
another sample set within three months. Analysts who fail PE samples should contact the ICR
Laboratory Coordinator for suggestions on remedies for the problem, since failure to meet
acceptance levels on a second PE sample set will result in the analyst being excluded from the
program.

11-3



On-SiteLaboratory Evaluation:

The primary purpose of the laboratory on-site evaluation isto ensure valid data. The
immediate objective is to evaluate the facilities and equipment of the laboratory and the
analyst's ability to adhere to the monitoring protocols. The use of uniform methodology
makes it possible to compare data generated by the different laboratories. The laboratory
evaluation criteriathat will be used during site visitsis given in Section V.

Special Approval Requirements:
1. Sample Collections:

Appropriate sample collection is an important part of the ICR process. Sample collectors
will be provided a videotape and accompanying guide describing the specified sampling
procedures by the U.S. EPA. Although sample collection will be performed by the utility, the
analytical laboratory must supply the utility with properly cleaned or sterile sampling apparatus
modules and assist the sample collectors by providing information and guidance on the
procedures and proper use of equipment to ensure sample integrity.

2. Sample Archiving:

By applying for U.S. EPA approval for virus analyses, alaboratory agreesto prepare
virus archive samples as described in the Virus Monitoring Protocol (see Section V111).

Each water system will notify its contracted virus analytical |aboratory when the following
conditions trigger archiving requirements:

a.  Virusdetection in finished water: when a system learns that viruses were detected in
any previous finished water sample, all subsequent source and finished water samples
must be archived for the remainder of the ICR monitoring period.

b. Virusdetected at alevel of 10,000 MPN units per 100 L (approximately 100
infectious virus particles per liter) in source water: when a system learns that viruses
were detected in any previous source water sample at this density, all subsequent source
and finished water samples must be archived for the remainder of the ICR monitoring
period.

Archive samples must be frozen at -70°C and shipped on dry ice to the ICR Laboratory
Coordinator at the address listed above; however, the samples may be stored by the analytical
laboratory at -70°C and shipped periodically to the U.S. EPA as abatch.

[1-4



SECTION V. QUALITY CONTROL

Laboratories that perform microbiological analysesfor the ICR are required to use the
methods contained in this manual. These methods identify methods-specific quality control
(QC) procedures which must be followed to ensure accurate and precise data. 1n addition to
methods-specific QC procedures, laboratories must practice intralaboratory QC, the day-to-day
checks made on internal operations, and interlaboratory QC, the maintenance of minimal
standards established among a group of participating laboratories.

The following are descriptions of ICR methods-specific, intralaboratory, and interlabora-
tory QC procedures.

CLOSTRIDIUM METHOD-SPECIFIC QC

Analytical laboratories are responsible for developing their own internal QC program and
must run positive and negative controls as described in Section X1 (subsection 9.4). U.S. EPA
will not supply QC samples.

PROTOZOAN AND VIRUSMETHODS-SPECIFIC QC

A U.S. EPA contractor will prepare and ship QC stock suspensions of Giardia lamblia
cysts and Cryptosporidium parvum oocysts and both high-titered and low-titered QC samples
of attenuated poliovirustype 3. Upon arrival, the protozoan QC samples must be stored at 4°C
and the virus QC samples at -70°C. The protozoan QC stock suspensions and the high-titered
poliovirus sample may be used to gain proficiency with the methods and for the devel opment
of the laboratory’s own QC tests. Methods-specific QC procedures will require that the
protozoan stock suspensions be diluted. Instructions for dilution will accompany the suspen-
sions.

Protozoan M ethods-Specific Assay Controls:

The purpose of these controlsisto assure that the assay reagents for the | CR Protozoan
Method For Detecting Giardia Cystsand Cryptosporidium OocystsIn Water By A
Fluorescent Antibody Procedur e (see Section V1) are functioning, that the assay proce-
dures have been properly performed, and that the microscope has been adjusted and aligned

properly.

A. Membrane Filter Preparation:

Usethe INDIRECT FLUORESCENT ANTIBODY PROCEDURE to prepare at least one
positive and one negative IFA control for Giardia cysts and Cryptosporidium oocysts each
time the manifold is used.

V-1



B. Negative IFA Control for Giardia/Cryptosporidium:

Step 1. Add 1.0 mL 1X PBSto one well of the manifold containing a Sartorius cellulose
acetate filter on top of a membrane support filter. Perform the Indirect Fluor escent Antibody
Staining and Filter M ounting steps.

Step 2.  Using epifluorescence, scan the negative control membrane at no less than 200X
total magnification for apple-green fluorescence of Giardia cyst and Cryptosporidium oocyst
shapes.

Step 3. If no apple-green fluorescing cyst or oocyst shapes are found, and if background
fluorescence of the membrane is very dim or non-existent, continue with examination of the
water sample dlides.

If apple-green fluorescing cyst or oocyst shapes are found, discontinue examination since
possible contamination of the other didesisindicated. Clean the equipment, recheck the
reagents and procedure and repeat the assay using additional aliquots of the sample.

C. PostivelFA Control for Giardia/Cryptosporidium:

Step 1. Add500-1000 Giardia lamblia cysts and 500-1000 Cryptosporidium parvum
oocysts or the Ensys positive control antigen (as specified in the kit) to one well of the
manifold containing a Sartorius cellul ose acetate filter on top of a membrane support filter.
Perform the I ndirect Fluor escent Antibody Staining and Filter Mounting steps.

Step 2. Using epifluorescence, scan the positive control slide at no less than 200X total
magnification for apple-green fluorescence of Giardia cyst and Cryptosporidium oocyst
shapes. Background fluorescence of the membrane should be either very dim or non-existent.
Cryptosporidium oocysts may or may not show evidence of oocyst wall folding, whichis
characterized under epifluorescence by greater concentrations of FITC aong surface fold
lines, depending upon the manner in which the oocysts have been treated, and the amount of
turgidity they have been able to maintain.

If no apple-green fluorescing Giardia cyst or Cryptosporidium oocyst shapes are
observed, then the fluorescent staining did not work or the positive control cyst preparation
was faulty. Do not examine the water sample dlidesfor Giardia cysts and Cryptosporidium
oocysts. Recheck reagents and procedures to determine the problem.

Step 3. If apple-green fluorescing cyst and oocyst shapes are observed, change the

microscope from epifluorescence to the 100X oil immersion Hoffman modulation® or
differentia interference contrast objective.
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At no lessthan 1000X total oil immersion magnification, examine Giardia cyst shapes
and Cryptosporidium oocyst shapes for internal morphology.

The Giardia cyst internal morphologica characteristics include one to four nuclei,
axonemes, and median bodies. Giardia cysts should be measured to the nearest 0.5 pum with a
calibrated ocular micrometer. Record the length and width of the cysts and the morphological
characteristics observed. Continue until at least three Giardia cysts have been detected and
measured in this manner.

The Cryptosporidium oocyst internal morphological characteristics include oneto four
sporozoites. Examine the Cryptosporidium oocyst shapes for sporozoites and measure the
oocyst diameter to the nearest 0.5 um with a calibrated ocular micrometer. Record the size of
the oocysts and the number, if any, of the sporozoites observed. Sometimes asingle nucleusis
observed per sporozoite. Continue until at least three oocysts have been detected and mea-
sured in this manner.

VirusMonitoring Protocol Assay Controls:

A. Negative Assay Control for the Virus Monitoring Protocol for the |ICR (see Section
VI1II): Inoculate aBGM culture with 0.15 M sodium phosphate, pH 7.0-7.5, using the
proceduresin Section VIII, Part [I1 — Total CulturableVirusAssay. Do not report data
from associated water samples if positive CPE is obtained in this control. Do not process any
more samples until the reason(s) for the positive result is determined.

B. Positive Assay Control for the Virus Monitoring Protocol for the | CR (see Section
VIII): Inoculate aBGM culture with 0.15 M sodium phosphate, pH 7.0-7.5, containing 20
PFU of attenuated poliovirus type 3, using the proceduresin Section V111, Part I1| — Total
CulturableVirusAssay. Do not report data from associated water samplesif CPE is not
observed in this control. Do not process any more samples until the reason(s) for the negative
result is determined.

C. Negative Assay Control for the optional Coliphage Assay (see Section I X): Add 1 mL
of buffered 1.5% beef extract to a16 x 150 mm test tube. Continue with Step 2 of the
Procedurefor Somatic or M ale-Specific Coliphage Assay . Do not report data from
associated water samplesif plagues are observed in this control. Do not process any more
samples until the reason(s) for the positive result is determined.

D. Positive Assay Control for the optiona Coliphage Assay (see Section 1X): Add 1 mL of
the diluted somatic or male-specific positive control to another 16 x 150 mm test tube.
Continue with Step 2 of the Procedurefor Somatic or Male-Specific Coliphage Assay. Do
not report data from associated water samplesif the positive control counts are more than one
log below their normal average. Do not process any more samples until the reason(s) for the
below normal positive result is determined.
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Quality Control Samples:

A. Giardia cyst and Cryptosporidium Oocyst Quality Control Samples:

1.

Negative QC Sample Preparation: This control isacheck on equipment, materials,
reagents and technique. It involves processing a1 pum nominal porosity cartridge
filter asif it were an unknown using the indicated procedures from the | CR Proto-
zoan Method for Detecting Giardia Cystsand Cryptosporidium Oocystsin
Water by a Fluorescent Antibody Procedure (see Section VII).

Step 1. Processal pm nomina porosity cartridgefilter using the FILTER EL U-
TION AND CONCENTRATION, FLOTATION PURIFICATION and INDIRECT
FLUORESCENT ANTIBODY proceduresin Section VII.

Step 2. Examine the entire concentrate for Giardia cysts and Cryptosporidium
oocysts using the Micr oscopic Examination procedure of Section VI11. If any cysts
or oocysts are detected, do not process any more unknown samples until the
source(s) of the contamination islocated and corrected.

Positive QC Giardia and Cryptosporidium Sample Preparation: The purpose of this
control isto assure that the laboratory can recover cysts and oocysts with the indi-
cated procedures from the ICR Protozoan Method for Detecting Giardia Cysts
and Cryptosporidium Oocystsin Water by a Fluor escent Antibody Procedure
(see Section VII) when they are spiked into a sample at a known level.

Stepl. Seed40L (10 ga) of reagent-grade water with 1000 Giardia cysts and
2000 Cryptosporidium oocysts. Pass the spiked water through a1 um nominal
porosity cartridge filter using the procedures found in Part 9 - Sampling of Section
VII.

Step 2.  Processthe filtered water using the FILTER ELUTION AND CONCEN-
TRATION, FLOTATION PURIFICATION and INDIRECT FLUORESCENT
ANTIBODY proceduresin Part 10 of Section V1.

Step 3.  Examine the entire concentrate for Giardia cysts and Cryptosporidium
oocysts using the Microscopic Examination procedure of Part 10 of Section VII.
It is not necessary to identify internal morphological characteristic using differential
interference contrast microscopy. If cysts and oocysts are not detected, do not
process any more unknown samples until the reason(s) for not recovering cysts and
oocystsis determined and corrected.
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B. Vird Quality Control Samples:

1.

Negative QC Viral Sample Preparation: This control is acheck on equipment,
materials, reagents and technique. It involves processing a IMDS filter and examin-
ing that sample asif it were an unknown using the indicated procedures from the
VirusMonitoring Protocol for thel CR (see Section VI111).

Stepl. Place asterile IMDSfilter into astandard filter apparatus.

Step 2. Process and analyze the IM DS filter using the proceduresin Part 2 —
Sample Processing and Part 3— Total Culturable Virus Assay of
Section VII1. If any virusis detected, do not process any more unknown
samples until the source(s) of the contamination is located and corrected.

Positive QC Vira Sample Preparation: The purpose of this control isto assure that
the laboratory can recover virus with the indicated procedures from the Virus
Monitoring Protocol for the |CR (see Section VI111) when virusis spiked into a
sample at aknown level.

Step 1. Place40.0 L of reagent grade water into a sterile polypropylene container.

Step 2. Thaw the low-titered virus QC sample containing 1 mL with 200 PFU of
virus. Add the entire contents of the vial into the reagent grade water and
rinse the via with 1 mL of the water. Mix and pump the solution through a
standard apparatus containing a IMDSfilter using the proceduresin Part
1 — Sample Collection Procedure of Section VIII.

Step 3. Process and analyze the IMDS filters containing QC stock virus using the
proceduresin Part 2— Sample Processing and Part 3— Total Cultura-
ble Virus Assay of Section VIII. If virusis not detected, do not process
any more unknown samples until the reason(s) for not recovering virusis
determined and corrected.

Coliphage Assay: Quality Control Samples have not been developed for the coli-
phage assay. Each laboratory should plan and conduct its own internal QC checks.

C. Quality Control Batch:

All protozoan and virus samples processed by an analyst within one week's span shall be
considered to bea" batch" . A week isdefined as a Sunday to Saturday time frame. Each
sample result must be associated with a batch number. An appropriate positive and negative
QC sample set must be processed with each batch. In the case of the protozoan analysis, the
QC sample set should be processed at the beginning of the week's batch, if possible.
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1. Falureto obtain both apositive value in the positive QC sample and a negative value
in the negative QC sample resultsin failure of the whole batch. Consequently, data
from that batch would be excluded from the ICR database.

2. Obtaining a positive value in the positive QC sample and a negative valuein the
negative QC sample results in acceptance of the data from the whole batch. Data
must be reported for al of the samplesin that batch.

D. Hagging of Sample Data not Meeting Other Quality Control Conditions:

Other quality control conditions are described in the protozoan and virus protocols.

Failure to comply with these conditions may decrease the pathogen concentrations, giving
false negative results or measured values that are lower than the actual levelsin water samples.
If such asample cannot be collected again within the time requirements of the final ICR rule, it
should be analyzed. The associated data should be flagged, and the reason for the flag placed
in the comment field of the database. The following flag conditions have been identified:

1.

2.

Thiosulfate not added to finished waters with disinfectant.

pH not reduced to below 8.0 for virus samples.

Collected sample volume outside the recommended range.

Partial or complete freezing of sample.

Sample shipped without ice or chemical ice.

Sample arrived at ambient temperature (insufficiently cooled -- not cold to touch).
Maximum shipping holding time exceeded.

Maximum sample process or analysis time requirements exceeded.

Cytotoxicity in virus assays.

Samples that do not conform to other lab- or utility-specified QA conditions should be

treated according to the appropriate QA plans.

EPA will convert flagged datafrom " quantitative" to" qualitative" by changing all

positive valuesto "PD." All lessthan detection limit values will be changed to "ND." PD
indicates that pathogens were detected under conditions where pathogen levels are likely to be
higher than the value actually measured. ND indicates that pathogens were not detected either
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due to their absence from samples or due to conditions that result in obtaining values that are
less than the detection limit.

Several conditions, including the lack of atemporal relationship between finished and raw
water samples and the possible addition of high pathogen numbers through recycling of filter
backwash water, create the possibility of observing higher pathogen levelsin finished water
than in raw water. Due to this possibility, water systems must not flag such data, unless the
conditions listed above apply.

INTRALABORATORY QC PROCEDURES

The following minimal quality control procedures should be followed for laboratory equip-
ment, reagents and supplies. See Section V and Appendix C and D for detailed procedures as
they relate to the protozoa and virus methods.

pH meter:

Standardize the pH meter prior to each use with pH 7.00 and pH 4.00 standard buffersfor
solutions with pH values less than 7.0 and pH 7.00 and pH 10.00 standard buffers for solutions
with pH values greater than 7.0.

Date standard buffer solutions upon receipt and when opened. Discard before expiration
date.

Balance (top loader or pan):
Calibrate balance monthly using Class S or S-1 reference weights (minimum of three
traceable weights which bracket |aboratory weighing needs) or weights traceable to Class S or

S-1weights. Calibrate non-reference weights annually with Class Sor S-1 reference weights.

Maintain service contract or internal maintenance protocol and maintenance records.
Conduct maintenance annually at a minimum.

Temperature Monitoring Device:

Check calibration of each in-use glassymercury thermometer annually and of each in-use
dia thermometer quarterly, at the temperature used, against areference Nationa Institute of
Standards and Technology (NIST) thermometer or one that meets the requirements of NIST
Monograph SP250-23.

Recalibrate continuous recording devices annually which are used to monitor incubator
temperature using the NIST reference thermometer described above.
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Incubator Unit:
Record temperature once per day for each workday in use.
Autoclave:

Record date, contents, sterilization time, and temperature for each cycle. Establish a
service contract or internal maintenance protocol, and maintain records.

Use maximum-temperature registering thermometer, heat sensitive tape, or spore strips or
ampules during each autoclave cycle and record temperature. Avoid overcrowding.

Check automatic timing mechanism with stopwatch quarterly.
Hot Air Oven:

Record date, contents, and sterilization time and temperature of each cycle.
Conductivity Meter:

Calibrate conductivity meter monthly with a0.01 M KCI solution, or lower concentration
if desired (see Method 120.1 in EPA, 1979 or Section 2510, " Conductivity" p 2-43,in
APHA, 1995). Anin-line conductivity meter does not need to be calibrated.

Refrigerator:

Record temperature at least once per day for each workday in use.
Ultraviolet Lamp (if used):

Test lamp quarterly with UV light meter and replace if it emits less than 70% of initial
output or if agar spread plates containing 200 to 250 microorganisms, exposed to the UV light
for two minutes, do not show a count reduction of 99%. Other methods may be used to test a
lamp if they are as effective as the two suggested methods.

Glassware Washing:

Perform the Inhibitory Residue Test (APHA, 1995) on the initial use of awashing
compound and whenever a different formulation of washing compound or washing procedure
isused to ensure that glassware is free of toxic residues. Laboratories purchasing large

guantities of washing compound may avoid assay problems by testing the compound on an
annual basis.
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Reagent Grade Water:

Test the quality of the reagent grade water or have it tested by a certified laboratory to
assure it meetsthe criteriain Table1V-1.

TABLE IV-1. REAGENT GRADE WATER PURITY PARAMETERS
Parameter Limits Frequency
. >0.5 megohms-cm resistance or

Conductivity <2 umhos/cm at 25°C Monthly
Not greater than 0.05 mg/L per

Pb, Cd, Cr, Cu, Ni, Zn containment. Collectively, no Annualy
greater than 0.1 mg/L

Total Chlorine Residual* Nondetectable Monthly

Heterotrophic Plate Count® | <500/mL Monthly

Bacteriological Quality of :

Reagent Water® Ratio of growth rate of 0.8-3.0 Annualy

'DPD method not required if source water is not chlorinated.

Pour plate method.

3Test for bacteriological quality of reagent water (APHA, 1995; or Bordner and Winter,

1978). Control water for the test is defined as double distilled water using a glass unit.

INTERLABORATORY QC PROCEDURES

EPA has decided to use Performance Evaluation (PE) studies as EPA's check on inter-
laboratory performance. PE sampleswill be distributed to the ICR laboratories on a monthly
basis. See Performance Evaluation Samples in Section I 11.

RECORDING AND REPORTING QC DATA

Records of sample information, microbiological analyses, and method and intralaboratory
QC test data are information that must be recorded and stored. Typically, the laboratory must
forward sample analytical reports to the treatment plant and retain copies for its own records.
Records of sample information, microbiological analyses, and method and intralaboratory QC
must be kept by the laboratory for at least five years. Microbiological anaysis records and
methods QC dataincludes all raw data with calculations.
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SECTION V. ON-SITE LABORATORY EVALUATION

GENERAL EVALUATION CRITERIA

ICR Laboratory Consultant:

On-site laboratory evaluations will be conducted by an ICR Laboratory Consultant, who
will beaU.S. EPA employee or a contracted environmental microbiologist. The ICR Labora-
tory Consultant will record laboratory information during the site visit according to the
evauation criterialisted below. U.S. EPA will use the recorded information to make all
decisions about laboratory approval. Contracted ICR Laboratory Consultants will not
participate in approval decisions.

Evaluation Scheduling:

A U.S. EPA person or contractor designated to schedule on-site evaluations will contact
the Director of the Laboratory to set amutually agreeable date and time for the visit. The
evaluation will be scheduled at atime, if possible, that will result in minimal disruption of
laboratory activities; however, al personnel who will be anayzing ICR samples must be
available to perform the protozoan and/or viral tests for which approval isrequested. Asa
guide, aminimum of three days will be scheduled.

Before the on-site evaluation, the ICR Laboratory Consultant will review the information
submitted on the application and, if completed, the performance of each analyst on QC and PE
samples. If the laboratory has been previously evaluated in the drinking water program, the
ICR Laboratory Consultant will review that report to ensure that any applicable deviations,
problems, suggested changes, or improvements have been addressed and corrected.

At the start of the on-site evaluation, the ICR Laboratory Consultant will meet the
Laboratory Director and al members who will perform the test procedures to discuss the
general aspects of the laboratory evaluation.

The ICR Laboratory Consultant will use a checklist as a guide to ask questions and to
record evaluation results. The Checklist for Laboratory Approval for Giardia and
Cryptosporidium isgivenin Appendix C. The Checklist for Laboratory Approval for
Total CulturableVirusesisgivenin Appendix D. The use of achecklist providesalogica
sequence to ensure that all critical elements and recommended items related to the technical
procedures, equipment items, chemical reagents, media requirements, and associated activities
are covered. The Consultant will likely ask additional questions to ascertain the experience
and knowledge of the laboratory personnel in all these areas.
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Records of all method and intralaboratory QC and bench sheets must be available for
inspection. Any deficiencies noted in records or bench sheets will be included in awritten
report.

Each person who must be individually approved (see Section 111) will be required to
demonstrate their ability to perform the analytical protozoan or virus protocol during the
evauation. The ICR Laboratory Consultant will also evauate the ability of other personnel to
perform those protocol steps for which they will be responsible during the monitoring period
of the ICR. The laboratory must have sufficient reagents and materials available so that all
personnel requesting analytical approval can conduct the required assays.

The ICR Laboratory Consultant may meet with the Laboratory Director and laboratory
staff at the end of the on-site visit to present comments and recommendations on methodol ogy,
instrumentation, sampling, sample holding times, quality assurance, or other subjects.

A formal written report of the evaluation will be forwarded to the Laboratory Director no
later than 30 days after the evaluation.

Since the ICR microanalytical program is scheduled for 18 months, only one on-site
evauation of each laboratory will be conducted.
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SECTION VI. LABORATORY APPROVAL STATUS

The U.S. EPA Laboratory Approval Program is alimited coverage program established to
carry out the provisions of the ICR.

APPROVAL CLASSIFICATION

Laboratories, principal analysts and analysts will be classified according to the following:

Laboratories:

Approved - the laboratory meets the requirements for physical facilities and
equipment.

Not Approved - thelaboratory possesses major facilities or equipment deficiencies, or
does not have an approved analyst.

Only laboratories with an “ Approved” status are qualified to analyze ICR samples. Itis
the water system’ s responsibility to ensure that only an “ Approved” analytical laboratory is
used. If the U.S. EPA notifies a system that its contracted analytical laboratory’s status has
been changed from “Approved” to “Not Approved,” the system must take immediate steps
to find another approved laboratory.

Principal Analysts/Analysts®:

Approved - The analyst (1) demonstrates strict adherence to the ICR
analytical methods during an on-site evaluation, (2) performs
satisfactorily on QC samples and (3) successfully analyzes
unknown PE samples.

Conditionally Approved - The analyst does not perform satisfactorily on unknown PE
samples during any six month period and has not completed
analysis of the next scheduled monthly sample.

Not Approved - The analyst does not demonstrate method proficiency during
an on-site evaluation, does not perform satisfactorily on QC
samples or does not successfully analyze unknown PE sam-
ples.

*These approval categories apply to principal analysts and analysts from laboratories
performing virus analyses and to principal analysts from laboratories performing
protozoan analyses.
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Approva of principa analysts and analysts for the ICR is laboratory-dependent. All
analysts who transfer to another laboratory lose their approval status and are not eligible to
immediately perform ICR analyses at anew laboratory. The following steps must be per-
formed before the analyst is eligible to analyze ICR samples: 1) an amended | CR Application
for Approval (see Appendix B) listing the qualifications of the analyst must be submitted by
the new laboratory and accepted by EPA, and 2) principal analysts and analysts (virus
laboratories only) must successfully analyze an unknown PE sample set at the new facility.

CRITERIA FOR CHANGING APPROVAL STATUS

The approva status of alaboratory or analyst may be changed during the ICR according
to the following criteria

Changing L aboratory Approval Status:

It isthe responsibility of analytical laboratories to notify U.S. EPA within seven days of
any change (e.g., personnel, equipment, laboratory facilities, location, etc) in ICR application
status. Failureto notify U.S. EPA of changes may result in loss of approval. If U.S. EPA
decidesthat alaboratory is subject to downgrading to a"Not Approved"” status because of the
change, the Laboratory Director or owner will be notified in writing (by registered or
certified mail) of the proposed change of classification. The Laboratory Director or owner
will have seven days from the date of the notification to review the deficiency cited and
respond to the U.S. EPA in writing specifying what corrective actions are being taken. The
U.S. EPA will consider the adequacy of the response and notify the laboratory by mail within
seven days of its approval status.

Changing Analyst Approval Status:

The approval status of anaysts using the ICR analytical methods for protozoa or total
culturable viruses will be changed based upon their performance on QC and PE samples (see
FigureVI-1).

1. PESamples. FigureVI-2 givesthe decision treefor deciding analyst approval status
based upon PE sample data.

a.  Anapproved anayst will fail a PE sample set by submitting PE sample data that fall
outside the acceptable quantitative range for the PE lots analyzed or by submitting late PE
sample data. Datawill be considered late if the data are not mailed to the U.S. EPA
within two weeks of the shipping date of the sample to the analytical |aboratory for
protozoan analyzes and seven weeks for viral analyses.
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FIGURE VI-1. ICR - MICROBIOLOGY DECISION TREE

There are two criteriafor on-going evaluation of Approved Analysts:

® Successful Analysis of PE Samples and Timely Submission of Data (Criterion #1)
® Successful Analysisof QC Samples and Timely Submission of Data (Criterion #2)

Criterion #1 is monitored and evaluated via a contractor in Cincinnati, Ohio, using the
process outlined in Figure VI1-2. Criterion #2 is monitored and evaluated via a contractor
associated with the main ICR public database (Data Central), using the process outlined in
FigureVI1-3. The recommendations of the contractors are forwarded to U.S. EPA person-
nel in Cincinnati for review and action.

Criterion #1 Criterion #2
(See Figure VI-2) (See Figure VI-3)

EPA-Cincinnati

If U.S. EPA concurs with the recommendation to disapprove an analyst, the following
actions will occur:

e Thelaboratory and the analyst will be notified of the loss of approval status for the
method.

o Affected utilities will be notified.

b. Failure of an approved analyst to pass any six month set of PE sampleswill result in
the analyst’ s status being changed to " Conditionally Approved” . The data produced by
that analyst following the failure will be flagged as questionable. If the analyst passes the
next PE sample set, the analyst's status will be converted to " Approved” , and his or her
results will be accepted for ICR use.

c. If theanalyst failsthe next PE sample set, that analyst’s status isimmediately
changed to “Not Approved.” All the ICR sample data reported by that analyst from the
date of analysis of thefirst failed PE sample to the date of the second failed PE sample
will be converted from " quantitative" to " qualitative" by changing al positive values
to" PD" and al lessthan detection limit valuesto " ND" . PD indicates that pathogens
were detected under conditions where pathogen levels are likely to be higher than the
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FIGURE VI-2. CRITERION #1 DECISION TREE

ICR PE results are sent from the analyst to Data-Cincinnati
Contact analyst
for clarification

PE data are reviewed for completeness
Are all necessary data present?

Yes

No

Did the analyst's reported PE
data meet the PE criteria?*

/ No \Yes
Analyst is sent the next monthly PE ~ Analyst complies with

sample and a letter of explanation continued approval
Data Central is notified? criterion #1

\ ez

Did the analyst's reported PE
data meet the PE criteria?

| o
Analyst is disapproved

Data Central is notified to convert datad

*Analysts do not meet PE criteriawhen their PE data fall outside the acceptable quantitative
range for any PE sample set analyzed or if they do not report PE data to Data-Cincinnati
within seven weeks for virus data and two weeks for protozoan data.

’Data Central will flag all data produced by an analyst since the ending date of the failed PE
sample set as questionable and will convert the approval status of the analyst to "Condition-
ally Approved."

3Data Central will convert data received from the ending date of the 1st PE sample set to the
ending date of the 2nd PE sample set from "quantitative" to "qualitative”" by changing all
positive valuesto "PD" and all lessthan detection limitsto "NP." All datareceived after the
ending date of the 2nd PE sample set will be deleted. The approval status of the analyst will
be converted to "Not Approved.”




value actually measured. ND indicates that pathogens were not detected either due to
their absence from samples or due to conditions that result in obtaining values that are less
than the detection limit. All datareceived after the date of analysis of the second PE
sample set will be deleted.

2. QC Samples. FigureVI-3 givesthe decision tree for deciding analyst approval status
based upon QC sample data.

a.  Thestatus of an approved analyst will be changed to “Not Approved” if the anayst
obtainsinvalid QC data or submits late sample or QC datafor three consecutive batches
during any diding six month period. QC datawill be considered invalid if apositive
value is obtained from the negative QC sample or if the observed values obtained from
positive QC samples do not fall within an acceptable range. The acceptable range will be
determined by the U.S. EPA. Protozoan QC datawill be considered late if results are not
submitted on the first monthly QC data disk that is due two weeks after the latest sample
collection date within abatch. Virus QC datawill be considered late if results are not
submitted on the first monthly QC data disk that is due seven weeks after the latest
sample collection date within abatch. Sample datawill be considered late if U.S. EPA
does not receive data by the time specified in the final rule.

b. The status of an approved analyst will be changed to “Not Approved” if the anayst
obtains invalid QC data or submits late sample or QC datafor any two batches during any
diding six month period for an analyst analyzing a batch every three to four weeks, from
any three batches for an analyst analyzing a batch every two weeks, or from any six
batches for an analyst analyzing a batch every week.

c. Datareceved from the date of analysis of the first failed QC sample set to the date of
analysis of the QC sample set leading to disapproval will be converted from " quanti-
tative' to" qualitative" by changing all positive valuesto " PD" and al lessthan
detection limit valuesto " ND" asabove. All datareceived after the date of analysis of
the QC sample set leading to disapproval will be deleted. The approval status of the
analyst will be converted to " Not Approved"” .

SYSTEM FOR NOTIFYING UTILITIES OF LABORATORY STATUS

EPA will maintain and make available alist of " Approved” laboratories. Thelist will be
distributed directly to participating water systems, as well as each U.S. EPA Regiona Office
and State Primacy Agency. Thelist will aso be available for public distribution from the U.S.
EPA.
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FIGURE VI-3. CRITERION #2 DECISION TREE

ICR QC results are sent from the analyst to Data Central
Contact analyst
for clarification
QC data are reviewed for completeness T

Are all necessary data present? N
0
Yes

Was QC data received on time?

o,/ \ee

Did the analyst exceed Did the analyst's reported QC
disapproval criteria?* data meet the QC criteria?"
No Yes
L etter sent to analyst Yes No Compliance with
requesting data continued approval
and fxpl anation criteria#2
Data and explanation Delete batch data No

received on time?

Did the analyst exceed
Yes No disapproval criteria?

Yes
» Analyst disapproved

Convert data?

'Analysts will be disapproved for any of the following conditions: invalid QC dataor late
submission of datafor three consecutive batches during sliding six month periods; invalid
QC dataor late submission of datafrom any two batches during diding six month periods
for analysts analyzing a batch every three to four weeks, from any three batches for anaysts
analyzing a batch every two weeks or from any six batches for analysts analyzing a batch
every week.

2Data Central will convert data received from the date of analysis of the 1st failed QC
sampleto the date of analysis of the QC sample leading to disapproval from "quantitative"
to "qualitative" by changing all positive valuesto "PD" and all less than detection limitsto
"NP." All datareceived after the date of analysis of the QC sample leading to disapproval
will be deleted. The approval status of the analyst will be converted to "Not Approved.”
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SECTION VII. ICR PROTOZOAN METHOD FOR DETECTING
GIARDIACYSTSAND CRYPTOSPORIDIUMOOCYSTSIN WATER
BY A FLUORESCENT ANTIBODY PROCEDURE
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PART 1- SCOPE

1. Thistest method describes the detection and enumeration of Giardia cysts and Crypto-
sporidium oocysts in ground, surface, and finished waters by a fluorescent antibody procedure.
These pathogenic intestinal protozoa occur in domestic and wild animals as well asin humans.
The environment may become contaminated through direct deposit of human and animal feces
or through sewage and wastewater discharges to receiving waters. Ingestion of water
containing these organisms may cause disease.

2. Results obtained by this method should be interpreted with extreme caution. High and
low turbidity can affect the recovery efficiency of this method. Failure to detect organisms of
interest and/or alow detection limit does not ensure pathogen-free water.

3.  Thismethod does not purport to address all of the safety problems associated with its use.

It isthe responsibility of the user of this method to establish appropriate safety and health
practices and determine the applicability of regulatory limitations prior to use.

PART 2- TERMINOLOGY

DESCRIPTION OF TERMS SPECIFIC TO THISMETHOD

1. axoneme- aninterna flagellar structure which occursin some protozoa, e.g., Giardia,
Spironucleus, and Trichomonas.

2. cyst-aphaseor aform of an organism produced either in response to environmental
conditions or asanormal part of the life cycle of the organism. It is characterized by athick
and environmentally-resistant cell wall.

3. median bodies - prominent, dark-staining, paired organelles consisting of microtubules
and found in the posterior half of Giardia. In G. lamblia (from humans), these structures often
have a claw-hammer shape whilein G. muris (from mice), the median bodies are round.

4. oocyst - the encysted zygote of some Sporozoa, e.g., Cryptosporidium. Thisisaphase or
aform of the organism produced either in response to environmental conditions or as a normal
part of the life cycle of the organism. It is characterized by athick and environmentally-
resistant cell wall.

5. sporozoite - amotile, infective, asexual stage of certain sporozoans, e.g., Cryptospori-

dium. There are four sporozoitesin each Cryptosporidium oocyst, and they are generally
banana-shaped.
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6. Nucleus- aprominent internal structure seen both in Giardia cysts and Cryptosporidium
oocysts. Sometimes one to four nuclei can be seenin Giardia cysts. In Cryptosporidium
oocysts there is one nucleus per sporozoite.

PART 3- SUMMARY OF TEST METHOD

Pathogenic intestinal protozoa are concentrated from a large volume of water sample by
retention on ayarn-wound filter. Retained particulates are eluted from the filter with an
eluting solution and are concentrated by centrifugation. Giardia cysts and Cryptosporidium
oocysts are separated to some extent from other particulate debris by flotation on a Percoll-
sucrose solution with a specific gravity of 1.1. A monolayer of the water layer/Percoll-sucrose
interface is placed on amembrane filter, indirectly stained with fluorescent antibody, and
examined under amicroscope. Cysts and oocysts are classified according to specific criteria
(immunofluorescence, size, shape, and internal morphological characteristics), and the results
arereported in terms of the categories per 100 L. The categories used in reporting include
cysts and oocysts that are empty, that have amorphous structure, and that have internal
structure. A sum of the cysts and oocyststhat fall into each of these categoriesis aso reported
asthetotal IFA count.

PART 4 - SIGNIFICANCE AND USE

1. Thistest method will provide a quantitative indication of the level of contamination in raw
and treated drinking waters with the environmentally resistant stages of two genera of
pathogenic intestinal protozoa: Giardia and Cryptosporidium.

2. Thistest method will not identify the species of protozoa, it will not identify the host
species of origin, it cannot determine the viability status, nor can it determine the infectivity
status of detected cysts and oocysts.

3. Thistest method may be useful in determining the source or sources of contamination of

water supplies, the occurrence and distribution of protozoain water supplies, and in evaluating
the effectiveness of treatment practices.

PART 5- INTERFERENCES

1. Turbidity due to inorganic and organic debris and other organisms can interfere with the
concentration, purification and examination of the sasmple for Giardia cysts and Crypto-
sporidium oocysts.
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2. Inaddition to naturally-occurring debris, e.g., clays and algae, debris may be added to
water during the treatment process, e.g., iron and alum coagulants and polymers.

3. Organisms and debris that autofluoresce or demonstrate non-specific fluorescence, e.g.,
algal and yeast cells and Spironucleus (Hexamita) sp.t, when examined by epifluorescent
microscopy could interfere with the detection of cysts and oocysts and contribute to false
positive values.

4. Chlorine compounds, and perhaps other chemicals used to disinfect or treat drinking
water and wastewater, may interfere with the visualization of internal structures of Giardia
cysts and Cryptosporidium oocysts.

5. Freezing filter sasmples, eluates or concentrates could interfere with the detection and/or
identification of cysts and oocysts originally present in the sample.

PART 6- APPARATUS

SAMPLE COLLECTION

The following sampling apparatus components are required:
1. Filter andfilter holder: Either a25.4 cm (10in.) long 1 «um nominal porosity, yarn-wound
polypropylene cartridge Commercial honeycomb filter tube (M39R10A; Commercia Filters
Parker Hannifin Corp., P.O. Box 1300, Lebanon, IN) with aCommercia LT-10 filter holder
ora25.4cm(10in.) long 1 um nomina porosity Filterite polypropylene cartridge (ULA10U;
Filterite Corporation, Timonium, MD), with a Filterite LM O10U-%4filter holder must be used.
2. Garden hose or PV C tubing and connectors.
3. Water meter
4. Fluid proportioner (or proportioning injector) for disinfected water.
5. Pressureregulator.

6. Pressure gauge(s).

7. How control valve, 4 L/min.

LJanuschka, M.M., et al. 1988. A comparison of Giardia microti and Spironucleus
muris cysts in the vole: an immunocytochemical, light, and electron microscopic study. J.
Parasitol. 74(3):452-458.
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8. Pump, electric or gasoline powered, for sampling unpressurized water sources.

9. Plastic sample bags, double-track, zipper-lock or equivaent, approximately 15 in. (38 cm)
x15in (38 cm).

10. lcechest or cooler.
11. Cold packsor wet ice.
12. Latex gloves.

SAMPLE PROCESSING

The following apparatus components are required for sample processing:

1. Pansor trays, stainless stedl or glass trays, approx. 16.5in. (41.91 cm) x 10in. (25.4 cm)
x 21in. (5.08 cm) deep.

2. Knife/cutting tool, for cutting the polypropylene filter fibers off filter core.

3. Hydrometer, for liquids heavier than water (range: 1.000-1.225), for adjusting specific
gravity of flotation solutions.

4. Centrifuge, with swinging bucket rotors having a capacity of 15 to 250 mL or larger per
conical tube or bottle.

5. Mixer, vortexer.
6. Vacuum source.

7. Membrane filter holder, Hoefer manifold, model FH 225V?, 10 place holder for 25 mm
diameter filters.

8. Slidewarming tray, or incubator, 37°C + 3°C.
9. pH meter.

10. Rubber policeman.

2Hoefer Scientific Instruments, 654 Minnesota Street, Box 77387, San Francisco,
Cadlifornia 94107
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11. Stomacher Lab Blender, model 3500 (BA 7022)* (optional). The stomacher must either
be equipped with adoor (Tekmar cat. # 10-0770-000) and clamp strip (Tekmar cat. # 10-0771-
000) or have had the paddies adjusted so all the filter fibers can be extracted at one time
without stalling the instrument.

SAMPLE EXAMINATION

1. Slides, glassmicroscope, 1in. (2.54 cm.) x 3in. (7.62 cm) or 2in. (5.08 cm.) x 3in. (7.62
cm.).

2. Cover dips, 25 mn?, No. 1%4.

3. Filters, Sartorius brand* cellulose acetate, 0.2 pm pore size, 25 mm diameter.

4. Support Filters, ethanol-compatible membrane, any pore size, 25 mm.

5. Fingernail polish, clear or clear fixative (Cat. # 60-4890; PGC Scientifics’).

6. Splinter forceps, finetip.

7. Blunt-end filter forceps.

8. A microscope, capable of epifluorescence and differential interference contrast (D.1.C.) or
Hoffman modulation® optics, with stage and ocular micrometersand 20X (N.A.=0.4) to
100X (N.A. = 1.3) objectivesisrequired for sample examination. Equip the microscope with
appropriate excitation and band pass filters for examining fluorescein isothiocyanate-labeled
specimens (exciter filter: 450-490 nm; dichroic beam-splitting mirror: 510 nm; barrier or
suppression filter: 515-520 nm).

PART 7- REAGENTS

REAGENT PURITY

1. Purity of Reagents - Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it isintended that all reagents shall conform to the specifications of the com-
mittee on Analytical Reagents of the American Chemical Society where such specifica-

*Tekmar Company, P.O. Box 371856, Cincinnati, Ohio 45222-1856
“Sartorius Corp., Filter Div., 30940 San Clemente, Hayward, CA 94544
*PGC Scientifics, P.O. Box 7277, Gaithersburg, Maryland 20898-7277
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tions are availabl €.
2. Purity of Water - Use reagent grade deionized or double distilled water (see Table 1V-1).

REAGENT PREPARATION

Prepare reagents as specified by the formulations.
Sample Collection:

1. Sodium Thiosulfate Solution (2.0 %) - Dissolve 2.0 g of sodium thiosulfate (Na,S,0; ¢
5H,0) in 50 mL water and then adjust to afinal volume of 100 mL.

Sample Processing:

1. Neutra Buffered Formalin Solution (10 %) - Dissolve 0.762 g disodium hydrogen
phosphate (Na,HPO,), 0.019 g sodium dihydrogen phosphate (NaH,PO,), and 100 mL
formalininwater to afinal volumeof 1 L.

2. Phosphate Buffered Saline (PBS) - Prepare a 10X stock solution by dissolving 80 g
sodium chloride (NaCl), 2 g potassium dihydrogen phosphate (KH,PO,), 29 g hydrated
disodium hydrogen phosphate (Na,HPO, » 12H,0) and 2 g potassium chloride (KCl) in water
toafinal volumeof 1 L. The 10X solutionisused to prepare 1X PBS by diluting one
volume of the 10X solution with 9 volumes of water and adjust the pH with apH meter to 7.4
with 0.1 N HCI or 0.1 N NaOH before use.

3. Sodium Dodecyl Sulfate Stock Solution (1%) - Prepare solution by dissolving 1.0 g of
sodium dodecyl sulfate (SDS) in water to afinal volume of 100 mL.

4. Tween 80 Stock Solution (1 %) - Mix 1.0 mL of polyoxyethylenesorbitan monooleate 80
(Tween 80) stock solution with 99 mL of water.

5. Eluting Solution (Buffered Detergent Solution) - Prepare solution by mixing 100 mL 1%
SDS, 100 mL 1% Tween 80, 100 mL 10X PBS, and 0.1 mL SigmaAntifoam A (Cat. # A
5758) with 500 mL water. Adjust the pH to 7.4 using apH meter. Adjust the final volumeto
1 L with additional water. Use within one week of preparation. At least 3 L of eluting
solution will be required for each filter elution.

®Reagent Chemicals, American Chemical Society Specifications, American Chemical
Society, Washington, DC. For suggestions on the testing of reagents not listed by the
American Chemical Society, see Annular Standards for Laboratory Chemicals, BDH,
Poole, Dorset, U.K. and the United States Pharmacopeia.
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6. Sucrose Solution (2.5 M) - Dissolve 85.58 g of sucrose in 40 mL prewarmed water, then
adjust the final volumeto 100 mL with water.

7. Percoll-Sucrose Flotation Solution, Sp. Gr. 1.10 - Mix 45 mL Percoll (sp. gr. 1.13; Sigma
Cat. # P 1644), 45 mL water and 10 mL 2.5 M sucrose solution. Check the specific gravity
with ahydrometer. The specific gravity should be between 1.09 and 1.10 (do not use if less
than 1.09). Store at 4°C and use within aweek. Allow to reach room temperature before use.

Sample Examination:

1. Ensys Hydrofluor-Combo kit” for detecting Giardia cysts and Cryptosporidium oocysts
in water samples. The expiration date for the reagentsis printed on the Hydrofluor-Combo kit
label. Discard the kit once the expiration date isreached. Storethekit at 2-8°C and return it
promptly to this temperature range after each use. The labeling reagent should be protected
from exposure to light. Do not freeze any of the reagentsin thiskit. Diluted, unused working
reagents should be discarded after 48 hours.

2. Ethanol (95%).

3. Glycerol.

4. Ethanol/Glycerol Series - Prepare a series of solutions according to Table VII-1.

5. DABCO-Glycerol Mounting Medium (2%) - Prewarm 95 mL glycerol using a magnetic
stir bar on a heating stir plate. Add 2 g 1,4 diazabicyclo [2.2.2] octane (DABCO, Sigma Cat. #
D-2522) to the warm glycerol with continuous stirring until it dissolves. (CAUTION:

hygroscopic; causes burns; avoid inhalation, as well as skin and eye contact.) Adjust the final
volume to 100 mL with

additional glycerol. Storeat TableVII-1. Ethanol/Glycerol Series

;‘f)fmger?ﬁawre and discard 9% | opvcerg | RE20EN | Final [ Final %
o ontns. Ethanol y Water | Volume | Ethanol

6. Bovine Serum Albumin 10 mL 5mL 80 mL 95 mL 10

(1%) - Sprinkle 1.0 g bovine se-

rum albumin (BSA) crystals over 20 mL > mt 7omL 95 mb 20

85 mL 1X PBS, pH 7.4. Allow 40 mL 5mL 50 mL 95 mL 40

crystglsto_fall beforest_lrrlr_19 into 80 mL 5 mL 10mL 95 mL 30

solution with a magnetic stir bar.

After the BSA isdissolved, ad- 95 mL 5mL OmL | 100 mL 90.2

just the volume to 100 mL with

"Ensys Environmental Products, Inc., P.O. Box 14063, Research Triangle Park, North
Carolina 27709
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PBS. For prolonged storage, sterilize by filtering through a0.22 «m membrane filter into a
sterile tube or bottle. Store at 4°C and discard after 6 months.

PART 8- PRECAUTIONS
1. Theanayst/technician must know and observe the normal safety proceduresrequired in a
microbiology laboratory while preparing, using and disposing of sample concentrates,
reagents and materials and while operating sterilization equipment.

2. Do not mouth pipet in any portion of this procedure.

PART 9- SAMPLING

SAMPLING APPARATUS PREPARATION AND ASSEMBLY

1. Thesampling apparatus (see Figure V11-1) used for raw water consists of afemale hose
connector, an inlet hose, pressure regulator, pressure gauge, filter holder, a1 um nominal
porosity filter, an outlet hose, awater meter, and a1 gal/min flow control valve or device (4
L/min). The sampling apparatus for chlorinated or other disinfectant treated waters also
includes afluid proportioner or proportioning injector and pressure gauge on the influent side
of thefilter housing (see FigureVI1I-2). Inaddition, a pump will be needed for unpressurized
SOurces.

2. Filter Holder

a. Thoroughly wash the filter holder with a stiff brush in hot water containing detergent,
when sampling is completed.

b. Rinsethefilter holder with tap water until the soap residueis gone. Follow with a
thorough rinse in reagent water and air dry.
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3. Attach awater-resistant label containing the following information to the filter holder:

Start Meter Reading: Turbidity:
Stop Time: Meter Reading: Turbidity:
Operator's Name: Total Volume Filtered:
Date: Sampling

4. Hoses

a. Inlet and outlet hoses for the filter holder consist of standard garden hoses and
fittings. If desired pressure, PV C tubing (Y2inch 1.D., ¥%inch O.D., Y& inch wall) and/or
quick connects may be substituted for the standard garden hose and/or hose clamps.

b. Outlet hoses may be used repeatedly provided they are rinsed with at least 20 gal (76
L) of the water to be sampled prior to starting the sampling.

5. Pump: A pump is needed, when an unpressurized source is being sampled.

6. Fluid Proportioner or Proportioning Injector: If the water to be sampled is chlorinated or
disinfected by any other chemicals, the disinfectant must be neutralized during sample
collection. While the assay system allows detection of disinfected cysts and oocysts, exposure
to disinfectant may interfere with the visualization of internal morphologies of these organ-
isms. Use the sodium thiosulfate solution to neutralize the disinfectant in water samples. Add
the sodium thiosulfate solution to the water during sample collection with amechanical fluid
proportioner pump or an in-lineinjector at arate of 10 mL/gal of water sampled.?

RAW WATER SAMPLE COLLECTION

Step 1. Putonapair of the latex gloves.

Step 2. Before connecting the sampling apparatus (see Figure V11-1) to the tap or source to
be sampled, turn on the tap and allow the water to purge residual debrisfrom the line for 2-3
min, or until the turbidity of the water becomes uniform.

8Details on the operation and use of proportioner pumps and injectors can be found
in: Virus concentration from large sample volumes by adsorption to and elution from
microporous filters, Section 9510C, pp. 9-92 to 9-95. In A.E. Greenberg, L.S. Clesceri and
A.D. Eaton, ed., Standard Methods for the Examination of Water and Wastewater. 19th
ed., 1995. American Public Health Association, Washington, D.C. It isnot necessary to
determine that chlorine is absent from the effluent because thiosulfate is added in excess.
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Step 3. Connect the apparatus minus the filter to the tap and allow 20 gal (76 L) to flush the
system. If apressurized sourceis not available, use a pump, following the manufacturer's
instructions, to get water through the sampling apparatus. While the flushing of the apparatus
is being done, adjust the pressure regulator so the adjacent pressure gauge reads no more than
30 pounds per square inch (PSl).

Step 4. Turn off the water flow, when the flushing of the apparatus is complete. Open the
filter housing and pour al the water out. Put thefilter in, close, and tighten the filter housing.

Step 5. Useawater-resistant marking pen to record the start time, meter reading, name of
person collecting the sample, turbidity, date and sampling location on the filter holder label.

Step 6.  Start water flow through the filter. Check the pressure gauge after the pressure
regulator to make sure the reading is no more than 30 PSl. Readjust the regulator, if necessary.

Step 7. After the 100 L (26.4 gal) of raw water has passed through the filter, shut off the
water flow, record the stop time, final meter reading and turbidity of the water at the end of
filtration on thefilter holder label.

Step 8.  Disconnect the sampling apparatus while maintaining the inlet hose level above the
level of the opening on the outlet hose to prevent backwashing and the loss of particulate
matter from the filter.

Step 9. After allowing the apparatus to drain, open the filter housing and pour the residual
water remaining in the filter holder into a plastic sample bag.

Step 10. Aseptically remove thefilter from the holder and transfer the filter to the plastic
sample bag containing the residual water. Seal the bag. Do not set the bag down or alow it to
touch any environmental surface.

Step 11. Immediately place the bag inside a second plastic sample bag and then seal the
second (outer) bag. Transfer the label or 1abel information from the filter holder to the outside
of this second (outer) bag.

Step 12. Transport the sample to the laboratory on wet ice or with, but not, on cold packs.
When the filter(s) arrive at the laboratory, they should be immediately stored at 2-5°C. Do not
freeze the filter during transport or storage.
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FINISHED WATER SAMPLE COLLECTION

If the water must be neutralized, add sodium thiosulfate solution via the proportioner
system. For each 100 L of finished water sampled, 250 mL of 2.0% sodium thiosulfate
solution will be needed.

Step 1. Putonapair of thelatex gloves.

Step 2. Before connecting the sampling apparatus (see Figure V11-2) to the tap or source to
be sampled, turn on the tap and allow the water to purge residual debrisfrom the line for 2-3
min, or until the turbidity of the water becomes uniform.

Step 3. Connect the apparatus minus the filter to the tap and allow 20 gal (76 L) to flush the
system. If apressurized sourceis not available, use a pump, following the manufacturer's
instructions, to get water through the sampling apparatus. While the flushing is being done
adjust the pressure regulator, so the adjacent pressure gauge reads no more than 30 PSI. Pour
the 2% sodium thiosulfate solution into a graduated cylinder. Place the injector tube into the
solution and adjust the larger top (vacuum) screw on the injector, so the pressure on the
pressure gauge following the injector reads no more than 19 PSl. Now adjust the smaller
bottom (flow) screw on the injector, so the flow rate of the thiosulfate solution is 10 mL/min.
A hose cock clamp on the injector tube may be required to achieve the correct thiosulfate flow
rate. After this adjustment is complete, transfer the injector tube to a graduated carboy of
thiosulfate solution.

Step 4. Turn off the water flow, when the flushing of the apparatus is complete. Open the
filter housing and pour al the water out. Put thefilter in, close, and tighten the filter housing.

Step 5. Useawater-resistant marking pen to record the start time, meter reading, name of
person collecting the sample, turbidity, date and sampling location on the filter holder label.

Step 6. Start water flow through thefilter. Check the pressure gauge after the pressure
regulator to make sure the reading is no more than 30 PSl. Also check to make surethe
thiosulfate solution is being drawn into the sampling apparatus. Readjust the regulator and
injector, if necessary.

Step 7. After the 1,000 L (264.2 gal) of finished water has passed through the filter, shut off
the water flow, record the stop time, final meter reading and turbidity of the water at the end of
filtration on thefilter holder label.

Step 8.  Disconnect the sampling apparatus while maintaining the inlet hose level above the

level of the opening on the outlet hose to prevent backwashing and the loss of particulate
matter from thefilter.
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Step 9.  After allowing the apparatus to drain, open the filter housing and pour the residual
water remaining in the filter holder into a plastic sample bag.

Step 10. Aseptically remove thefilter from the holder and transfer the filter to the plastic
sample bag containing the residual water. Seal the bag. Do not set the bag down or alow it to
touch any environmental surface.

Step 11. Immediately place the bag inside a second plastic sample bag and then seal the
second (outer) bag. Transfer the label or 1abel information from the filter holder to the outside
of this second (outer) bag.

Step 12. Transport the sample to the laboratory on wet ice or with but not on cold packs and
refrigerate at 2-5°C. Do not freeze thefilter during transport or storage.

PART 10- ASSAY PROCEDURE

FILTER ELUTION AND CONCENTRATION

Theinitiation of sample collection and elution from the collection filter must be performed
within 96 hrs. Two approaches to eluting the particulates from the filter may be used: either
washing by hand or using a stomacher.

Washing By Hand:

Step 1. Removethefilter from the inner bag and placeit in aglass or stainless stedl tray.
Pour the residual solution in either the inner or outer bags into a pooling beaker, rinse the bags
with eluting solution, add the rinse solution to the beaker and discard the bags.

Step 2. Using arazor knife or other appropriate disposable cutting instrument, cut the filter
fibers lengthwise down to the core. Discard the blade, after the fibers have been cut. Divide
the filter fibersinto aminimum of six equal portions with one-sixth consisting of those
cleanest fibers nearest the core; the second one-sixth being the second layer of fibers, and so
on until the final one-sixth consisting of the outer-most filter fibers (the dirtiest fibers).

Step 3. Beginning with the cleanest fibers (the one-sixth nearest the core), hand wash the
fibersin three consecutive 1.0 L volumes of eluting solution. Wash the fibers by kneading
them in the eluting solution contained either in a beaker or aplastic bag. Wring the fibersto
express as much of the liquid as possible before discarding. Maintain the three 1.0 L volumes
of eluate separate throughout the washing procedure. An additional beaker or two with clean
eluting solution may be required for extremely dirty filters.
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Step 4. Using thethree 1.0 L volumes of eluate from Step 3, repeat the washing procedure
on the second one-sixth layer of fibers, and then continue sequentially with the remaining one-
sixth layers of fibers.

Step 5. The minimum total wash time of fibers should be 30 min. After al the fibers have
been washed, combine the three 1.0 L volumes of eluate with the residual filter water in the
pooling beaker from Step 1. Discard the fibers.

Stomacher Washing:

Step 1. Useastomacher with abag capacity of 3500 mL. Remove thefilter from the inner
bag and placeit in aglass or stainless steel tray. Pour the residual solution in either the inner or
outer bags into a pooling beaker, rinse the bags with eluting solution, add the rinse solution to
the beaker and discard the bags. Using arazor knife or other appropriate disposable cutting
instrument, cut the filter fibers lengthwise down to the core. Discard the blade, after the fibers
have been cut.

Step 2.  After loosening the fibers, place all the filter fibersin a stomacher bag. To insure
against bag breakage and sample loss, place the filter fibersin the first sscomacher bag into a
second stomacher bag.

Step 3. Add1.75L of eluting solution to the fibers. Homogenize for 2-five minute intervals.
Between each homogenization period, hand knead the filter material to redistribute the fibers
in the bag.

Step 4. Pour the eluted particulate suspension into a4 L pooling beaker. Wring the fibersto
express as much of the liquid as possible into the pooling beaker.

Step 5. Put the fibers back into the stomacher bag, add 1.0 L more eluting solution, and
homogenize, asin Step 3 above, for 2-five minute intervals. Between each homogenization
period, hand knead the filter materia to redistribute the fibersin the bag.

Step 6.  Add the eluted particul ate suspension to the 4 L pooling beaker. Wring the fibersto
express as much of the liquid as possible into the pooling beaker. Discard thefibers. Rinsethe
stomacher bag with eluting solution and place this rinse water into the pooling beaker.

Eluate Concentration:

Concentrate the combined eluate and residual water into a single pellet by centrifugation
at 1,050 xg for 10 min using a swinging bucket rotor and plastic conical centrifuge bottles.
Carefully aspirate and discard the supernatant fluid and resuspend the pellet in sufficient
elution solution by vortexing. After pooling the particulates in one conical bottle, centrifuge
once more at 1,050 xg for 10 min and record the packed pellet volume. Carefully aspirate and
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discard the supernatant fluid and resuspend the pellet by vortexing in an equal volume of 10%
neutral buffered formalin solution. If the packed pellet volumeislessthan 0.5 mL, bring the
pellet and solution volume to 0.5 mL with eluting solution before adding enough 10%
buffered formalin solution to bring the resuspended pellet volumeto 1.0 mL.

At this point, abreak may be inserted if the procedure is not going to progress immedi-
ately to the ELOTATION PURIFICATION procedure below. If abreak isinserted at this
point, be sure to store the formalin treated sample at 4°C for not more than 72 hours.

FLOTATION PURIFICATION

Step 1. Inaclear plastic 50 mL conical centrifuge tube(s), vortex a volume of resuspended
pellet equivalent to not more than 0.5 mL of packed pellet volume with a sufficient volume of
eluting solution to make afina volume of 20 mL.

Step 2. Using a50 mL syringe and 14 gauge cannula, underlay the 20 mL vortexed suspen-
sion of particulates with 30 mL Percoll-sucrose flotation solution (sp. gr. 1.10).

Step 3. Without disturbing the pellet suspension/Percoll-sucrose interface, centrifuge the
preparation at 1,050 xg for 10 min using a swinging bucket rotor. Slowly accelerate the centri-
fuge over a 30-sec interval up to the speed where the tubes are horizontal to avoid disrupting
theinterface. Similarly, at the end of centrifugation, decelerate lowly. DO NOT USE THE
BRAKE.

Step 4. Using apolystyrene 25 mL pipet rinsed with eluting solution, draw off the top 20 mL
particul ate suspension layer, the interface, and 5 mL of the Percoll-sucrose below the interface.
Place all these volumesin aplastic 50 mL conical centrifuge tube.

Step 5.  Add additional eluting solution to the plastic conical centrifuge tube (Step 4) to a
final volume of 50 mL. Centrifuge at 1,050 xg for 10 min.

Step 6.  Aspirate and discard the supernatant fluid down to 5 mL (plus pellet). Resuspend the
pellet by vortexing and save this suspension for further processing with fluorescent antibody
reagents.

INDIRECT FLUORESCENT ANTIBODY (IFA) PROCEDURE

Determining Sample Volume per Filter (optional):

Step 1. Determine the volume of sample concentrate from the Flotation Purification
procedure above that may be applied to each 25-mm diameter membrane filter used in the IFA

assay.
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Step 2.  Vortex the sample concentrate and apply 40 L to one 5-mm diameter well of a 12-
well red heavy teflon-coated dlide’.

Step 3. Allow the sample to sit approximately two min at room temperature.

Step4. Examinethe flooded well at 200X total magnification. If the particulates are
distributed evenly over the well surface area and are not crowded or touching, then apply 1 mL
of the undiluted sample to a 25-mm diameter membrane filter in Step 6 of Sample Applica-
tion below.

Step 5.  Adjust the volume of the sample accordingly if the particulates are too dense or are
widely spread. Retest on another well. Always adjust the sample concentrate volume so that
the density of the particulatesisjust alittle sparse. If the layer of sample particulates on the
membrane filtersistoo dense, any cysts or oocysts present in the sample may be obscured
during microscopic examination. Make sure the dilution factor, if any, from this Step is
recorded.

Preparing the Filtration Manifold:
Step 1. SeeFigureVII-3 for adiagram of the filtration manifold assembly.

Step 2. Connect the filtration manifold to the vacuum supply using a vacuum tube containing
a"T"-shaped tubing connector. Attach a Hoffman screw clamp to 4-6 cm of latex tubing and
then attach the latex tubing to the stem of the"T" connector. The screw clamp isused asa
bleeder valve to regulate the vacuum to 2-4 inches (5-10 cm) of Hg.

Step 3. Close all the manifold valves and open the vacuum all the way. Using the bleeder
valve on the vacuum tubing, adjust the applied vacuum to 2-4 inches (5-10 cm) of Hg. Once
adjusted, do not readjust the bleeder valve during filtration. 1f necessary, turn the vacuum on
and off during filtration at the vacuum source.

Membrane Filter Preparation:

Step 1. One Sartorius 25 mm diameter cellulose acetate filter, 0.2 um pore size and one 25-
mm diameter ethanol compatible membrane support filter, any porosity, are required for each
1 mL of adjusted suspension obtained in the Deter mining Sample Volume per Filter section
of Part 10. Soak the required number of each type of filter separately in Petri dishesfilled
with 1X PBS. Drop the filters, handling them with blunt-end filter forceps, one by oneflat on
the surface of the buffer. Once the filters are wetted, push the filters under the fluid surface
with the forceps. Allow filtersto soak for aminimum of one minute before use.

°Cel-line Associates, Inc., 33 Gorgo Lane, Newfield, NJ 08344, Cat. #10-111.
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Step 2.  Turn thefiltration manifold vacuum source on. Leaving all the manifold well
support valves closed, place one support filter on each manifold support screen. Thisfilter
ensures even distribution of sample.

Step 3. Place one Sartorius 25-mm diameter cellul ose acetate filter on top of each support
filter. Use arubber policeman to adjust the cellulose acetate filter, if necessary. Open the
manifold well support valves to flatten the filter membranes. Make sure that no bubbles are
trapped and that there are no creases or wrinkles on any of the filter membranes.

Step 4. Useasmany filter positions as there are sample volumes to be assayed. Record the
number of sample 25-mm membrane filters prepared and the volume of floated pellet (either
determined from the optional Deter mining Sample Volume per Filter step or determined by
the discretion of the principal analyst) represented by these membranes. 1n addition, include at
least one positive control for Giardia cysts and Cryptosporidium oocysts and one negative
control each time the manifold is used.

Step 5. Positionthe 1 1b (454 g) stainless steel wells firmly over each filter.

Step 6. Label each sample and control well appropriately with little pieces of tape on the top
of the stainless steel wells and/or use manifold membrane labeling diagram (Figure V11-4) to
keep track of each sample and control.

Sample Application:

Step 1. Open the manifold support valve for each well containing filters.

Step 2. Rinsetheinsde of each stainless steel well and membrane filter with 2 mL 1% BSA
applied with a Pasteur pipet. Drain the BSA solution completely from the membrane.

Step 3.  Close the manifold valves under each membrane filter.

Step 4. For the positive controls, add 500-1000 Giardia lamblia cysts and 500-1000
Cryptosporidium parvum oocysts or use the Ensys positive control antigen as specified in the
kit to awdll.

Step 5. For anegative control, add 1.0 mL 1X PBSto onewell.

Step 6. Add 1.0 mL of the vortexed, adjusted water sample (Deter mining Sample Volume

per Filter; Part 10) to awell. If the optiona step to determine sample volume was not
performed, add the volume determined by the principal analyst to be appropriate to awell.
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Step 7.  Open the manifold valve under each membranefilter to drain the wells. Rinse each
stainless steel well with 2 mL 1% BSA. Do not touch the pipet to the membranefilter or to the
well. Closethe manifold valve under each membranefilter.

Indirect Fluorescent Antibody Staining:

Step 1. Dilute the primary antibody mixture and labeling reagent according to the manufac-
turer'sinstructions using 1X PBS.

Step 2. Pipet 1.0 mL of the diluted primary antibody onto each membrane and alow to
remain in contact with the filter for 25 min at room temperature.

Step 3. At the end of the contact period, open the manifold valve to drain the antisera.
Step 4. Rinse each well and filter 5 timeswith 2 mL 1X PBS. Do not touch the tip of the

pipet to the membrane filter or to the stainless steel wells. Close all manifold valves after the
last wash is completed.

Step 5. Pipet 1.0 mL labeling reagent onto each membrane and allow to remain in contact
with the filter for 25 min at room temperature. Cover all wellswith aluminum foil to shield the
reagents from light and to prevent dehydration and crystallization of the fluorescein
isothiocyanate dye during the contact period.

Step 6. At this point, start the Filter M ounting procedure below.

Step 7. At the end of the contact period, open the manifold valvesto drain the labeling
reagent.

Step 8.  Rinse each well and filter 5 timeswith 2 mL 1X PBS. Do not touch the tip of the
pipet to the membranefilter or to the stainless steel wells. Close all manifold valves after the
last wash is completed.

Step 9. Dehydrate the membrane filtersin each well by sequentially applying 1.0 mL of 10,
20, 40, 80 and 95% ethanol solutions containing 5% glycerol. Allow each solution to drain
thoroughly before applying the next in the series.

Filter Mounting:

Step 1. Label glassdidesfor each filter and place them on aslide warmer or in an incubator
calibrated to 37°C.

Step 2. Add 75 pL 2% DABCO-glycerol mounting medium to each slide on the dide
warmer or in the incubator and allow to warm for 20-30 min.
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Step 3. Remove the top cellulose acetate filter with fine-tip forceps and layer it over the
correspondingly labeled DABCO-glycerol mounting medium prepared dide. Make sure the
sample application sideisup. If the entirefilter is not wetted by the DABCO-glycerol
mounting medium, pick up the membrane filter with the same forceps and add a little more
DABCO-glycerol mounting medium to the slide under the filter. Place the mounted filter
either on the dlide warmer or in the incubator for a clearing period of 20 min.

Step4. Useaclean pair of forceps to handle each membranefilter. Soak used forcepsin a
beaker of diluted detergent cleaning solution.

Step 5. After the 20 min clearing period, the filter should become transparent and appear
drier. After clearing, if the membrane starts to turn white, apply a small amount of DABCO-
glycerol mounting medium under the filter.

Step 6.  After the 20 min clearing period, apply 20 uL DABCO-glycerol mounting medium
to the center of each membrane filter and cover with a25 mm x 25 mm cover glass. Tap out
air bubbles with the handle end of apair of forceps. Wipe off excess DABCO-glycerol
mounting medium from the edge of each cover glass with adightly moistened Kimwipe.

Step 7. Sedl the edge of each cover glass to the slide with clear fingernail polish.

Step 8. Storethedidesina"dry box". A dry box can be constructed from a covered
Tupperware®-type container to which athick layer of anhydrous calcium sulfate has been
added. Cover the desiccant with paper towels and lay the dlides flat on the top of the paper
towels. Placethelid on the dry box and store at 4°C.

Step 9. Examine the slides microscopically as soon as possible but within 5 days of prepara-
tion, because they may become opaque if stored longer, and D.1.C. or Hoffman modulation®
optical examination would then no longer be possible.

Microscopic Examination:
1. Gened: Microscopic work by asingle analyst should not exceed four hours per day nor
more than five consecutive days/week. Intermittent rest periods during the four hours per day

are encouraged.

Step 1. Removethe dry box from 4°C storage and allow it to warm to room temperature
before opening.

Step 2. Adjust the microscope to assure that the epifluorescence and Hoffman modula-

tion® or D.1.C. optics are in optimal working order. Make sure that the fluorescein
isothiocyanate cube isin place in the epifluorescent portion of the microscope (see
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SAMPLE EXAMINATION in Part 6). Detailed procedures required for adjusting and
aligning the microscope are found in Appendix VI1-5.

2. IFA Controls: The purpose of these IFA controlsisto assure that the assay reagents are
functioning, that the assay procedures have been properly performed, and that the microscope
has been adjusted and aligned properly.

a.  Negative IFA Control for Giardia/Cryptosporidium

Step 1. Using epifluorescence, scan the negative control membrane at no less than 200X
total magnification for apple-green fluorescence of Giardia cyst and Cryptosporidium
oocyst shapes.

Step 2. If no apple-green fluorescing cyst or oocyst shapes are found, and if background
fluorescence of the membrane is very dim or non-existent, continue with examination of
the water sample dides.

If apple-green fluorescing cyst or oocyst shapes are found, discontinue examination
since possible contamination of the other didesisindicated. Clean the equipment (see
Appendix V11-1), recheck the reagents and procedure and repeat the assay using
additional aliquots of the sample.

b. PogtivelFA Control for Giardia/Cryptosporidium

Step 1. Using epifluorescence, scan the positive control slide at no less than 200X total
magnification for apple-green fluorescence of Giardia cyst and Cryptosporidium oocyst
shapes. Background fluorescence of the membrane should be either very dim or non-
existent. Cryptosporidium oocysts may or may not show evidence of oocyst wall folding,
which is characterized under epifluorescence by greater concentrations of FITC along
surface fold lines, depending upon the manner in which the oocysts have been treated and
the amount of turgidity they have been able to maintain®.

If no apple-green fluorescing Giardia cyst or Cryptosporidium oocyst shapes are
observed, then the fluorescent staining did not work or the positive control cyst prepara-
tion was faulty. Do not examine the water sample dides for Giardia cysts and Cryptospo-
ridium oocysts. Recheck reagents and procedures to determine the problem.

Robertson, L.J., et al. 1993. Induction of folds or sutures on the walls of
Cryptosporidium parvum oocysts and their importance as a diagnostic feature. Appl.
Environ. Microbiol. 59(8):2638-2641.
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Step 2. If apple-green fluorescing cyst and oocyst shapes are observed, change the
microscope from epifluorescence to the 100X oil immersion Hoffman modulation® or
differentia interference contrast objective.

At no lessthan 1000X total oil immersion magnification, examine Giardia cyst
shapes and Cryptosporidium oocyst shapes for internal morphology.

The Giardia cyst internal morphologica characteristics include one to four nuclei,
axonemes, and median bodies. Giardia cysts should be measured to the nearest 0.5 ©m
with acalibrated ocular micrometer. Record the length and width of cysts. Also record
the morphological characteristics observed. Continue until at least 3 Giardia cysts have
been detected and measured in this manner.

The Cryptosporidium oocyst internal morphological characteristics include one to
four sporozoites. Examine the Cryptosporidium oocyst shapes for sporozoites and
measure the oocyst diameter to the nearest 0.5 um with a calibrated ocular micrometer.
Record the size of the oocysts. Also record the number, if any, of the sporozoites
observed. Sometimes asingle nucleusis observed per sporozoite. Continue until at least
3 oocysts have been detected and measured in this manner.

Sample Examination

Scanning Technique - Scan each slide in a systematic fashion beginning with one edge of

the mount and covering the entire coverdip. An up-and-down or a side-to-side scanning
pattern may be used. See Figure VI1I1-5 for an illustration of two alternatives for systematic
dide scanning.

Step 1. Empty Counts, Counts with Amorphous Structure, Counts with Internd
Structure, and Total IFA Count

a. When appropriate responses have been obtained for the positive and negative
controls, use epifluorescence to scan the entire coverdlip from each sample at not less
than 200X total magnification for apple-green fluorescence of cyst and oocyst
shapes.

b.  When brilliant apple-green fluorescing round to oval objects (8 to 18 um long
by 5 to 15 um wide) are observed with brightly highlighted edges, switch the
microscope to either Hoffman modulation® or D.I.C. optics. Look for external or
internal morphological characteristics atypica of Giardia cysts (e.g., spikes, stalks,
appendages, pores, one or two large nucle filling the cell, red fluorescing chloro-
plasts, crystals, spores, etc.). If these atypical structures are not observed, then
categorize such apple-green fluorescing objects of the aforementioned size and shape
as either empty Giardia cysts, Giardia cysts with amorphous structure, or Giardia
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cystswith internal structures (nuclei, axonemes, and median bodies). Record the
shape and measurements (to the nearest 0.5 um at 1000X total magnification) for
each such object. Record theinternal structures observed. Giardia cysts with
internal structures must be confirmed by a senior analyst. Sum the counts of empty
Giardia cysts, Giardia cysts with amorphous structure, and Giardia cysts with
internal structures. Report this sum asthe total Giardia IFA count on aGiardia
Report Form (see Appendix VI1-3).

c.  When brilliant apple-green fluorescing ovoid or spherical objects (3to 7 umin
diameter) are observed with brightly highlighted edges, switch the microscope to
either Hoffman modulation® or D.I.C. optics. Look for external or internal morpho-
logical characteristics atypical of Cryptosporidium oocysts (e.9., spikes, stalks,
appendages, pores, one or two large nucle filling the cell, red fluorescing chloro-
plasts, crystals, spores, etc.). If these atypical structures are not observed, then
categorize such apple-green fluorescing objects of the aforementioned size and shape
as either empty Cryptosporidium oocysts, Cryptosporidium oocysts with amorphous
structure, or Cryptosporidium oocysts with internal structure (one to four sporozo-
ites’oocyst). Record the shape and measurements (to the nearest 0.5 um at 1000X
total magnification) for each such object. Although not a defining characteristic,
surface oocyst folds may be observed in some specimens. Record the number of
sporozoites observed. Cryptosporidium oocysts with sporozoites must be confirmed
by asenior analyst. Sum the counts of empty Cryptosporidium oocysts, Cryptospor-
idium oocysts with amorphous structure, and Cryptosporidium oocysts with internal
structure. Report this sum as the total Cryptosporidium IFA count on a Crypto-
gporidium Report Form (see Appendix VII1-4).

Calculation:

Step 1. Percentage of Floated Sample Examined - Record the percentage of floated sediment
examined microscopically. [Calculate this value from the total volume of floated pellet
obtained (Part 10, FILTER ELUTION), the number of 25-mm membrane filters prepared
together with the volume of floated pellet represented by these membrane filters (Part 10,
Deter mining Sample Volume per Filter ), and the number of membrane filters examined.]

Thefollowing values are used in calculations:

V = volume (liters) of original water sample (Part 9, RAW WATER SAMPLE
COLLECTION and FINISHED WATER SAMPLE COLLECTION)
P = €euate packed pellet volume (Part 10, FILTER ELUTION), (mL),
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F = fraction of eluate packed pellet volume (P) subjected to flotation (Part 10,
FLOTATION PURIFICATION, Steps 1-6), determined as

mL P subjected to flotation
P

F:

R = Percentage (expressed as adecimal) of floated sediment examined (Part 10,
Calculation, Step 1)

TG = Tota GiardialFA cyst count (Part 10, Microscopic Examination, Section 3,
Step 1. Empty Count, Count with Amorphous Structure, and Count with Internal
Structure, and Total IFA Count, paragraph b)
EG = Count of Giardia cystswhich are empty
AG = Count of Giardia cysts with amorphous internal structure
GW1S = Count of Giardia cysts with oneinternal structure
GW2S = Count of Giardia cysts with more than one internal structure
TC = Tota Cryptosporidium IFA oocyst count
EC = Count of Cryptosporidium oocysts which are empty

AC = Count of Cryptosporidium oocysts with amorphous internal structure

CWS

Count of Cryptosporidium oocysts with internal structure

Step 2.  For positive samples, calculate the number of cysts or oocysts per 100 L of sample as
follows:

X _ (TG, EG, AG, GW1S, GW2S, TC, EC, AC, or CWS)(100)
100L FVR

A sample calculation is shown in Appendix VI1-2.

Step 3. For samplesin which no cysts or oocysts are detected, (TG or TC or GWS or CWYS)
=<1. Calculate the detection limit asfollows:

<X _ (<1)(100)
100L FVR
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A sample calculation is shown in Appendix VI1-2.
Reporting:

Step 1. Report Giardia results as empty Giardia cysts, Giardia cysts with amorphous
structure, Giardia cysts with one interna structure, and/or Giardia cysts with two or more
interna structures, and total Giardia IFA count per 100 L of sample. Report Cryptosporidium
results as empty Cryptosporidium oocysts, Cryptosporidium oocysts with amorphous structure,
and/or Cryptosporidium oocysts with internal structure and total Cryptosporidium IFA count
per 100 L of sample. Report negative results in terms of the detection limit. Representative
reporting forms are given in Appendix V11-3 and Appendix V11-4.

Step 2. Enter al datainto the computer spreadsheet provided with this protocol.
Quality Control (QC) Samples:

1. Negative QC Sample Preparation - This control is acheck on equipment, materials,
reagents and technique. It involves processing a1 um nominal porosity cartridge filter asif it
were an unknown. All samples analyzed over the course of aweek are considered to be a
batch. For each batch, there must be a negative QC Sample.

Step 1. Processal pum nominal porosity cartridge filter for Giardia cysts and
Cryptosporidium oocysts using the FILTER ELUTION AND CONCENTRATION,
FLOTATION PURIFICATION and INDIRECT FLUORESCENT ANTIBODY proce-
dures.

Step 2. Examine the entire concentrate from this sample using the Micr oscopic
Examination section. If any cystsor oocysts are detected, do not process any more
unknown samples until the source of the contamination is located and corrected.

Note that the results from samplesin a batch associated with finding a positivein a
negative control will be excluded from the ICR Data Base.

2. Positive QC Sample Preparation - The purpose of this control isto assure that the
|aboratory can recover cysts and oocysts when they are spiked into a sample at aknown level.
All samples analyzed over the course of aweek are considered abatch. For each batch, there
must be a positive control.

Step1l. Seed40L (10.6 ga) of reagent grade water with 1000 Giardia cysts and 2000

Cryptosporidium oocysts. Pass the spiked water through a1 um nominal porosity
cartridge filter using the procedures found in Part 9 - Sampling.
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Step 2.  Processthe filtered water using the FILTER ELUTION AND CONCEN-
TRATION, FLOTATION PURIFICATION and INDIRECT FLUORESCENT ANTI-
BODY procedures.

Step 3.  Examine the entire concentrate for Giardia cysts and Cryptosporidium oocysts
using the Microscopic Examination section. It isnot necessary to identify internal
morphological characteristic using differential interference contrast microscopy. If cysts
and oocysts are not detected, do not process any more unknown samples until the reason
for not recovering cysts and oocysts is determined and corrected. Note that the results
from samplesin abatch associated with not finding cysts and oocystsin a positive control
will be excluded from the ICR Data Base.

PART 11 - EDUCATION, TRAINING AND PROFICIENCY

MINIMAL PERSONNEL REQUIREMENTS

Principal Analyst/Supervisor: To bequalified for approval, alaboratory must have a
principal analyst who may also serve as a supervisor if an additional analyst(s) isto be
involved. The principal analyst/supervisor oversees the entire analyses and carries out QC
performance checks on technicians and/or other analysts. The principal analyst/supervisor
must confirm all protozoan internal structures demonstrated at the microscope by subordinates.
This person must be an experienced microbiologist with at least aB.A./B.S. degreein
microbiology or aclosaly related field. The principal analyst also must have at |east one year
of continuous bench experience with immunofluorescent antibody (1FA) techniques and
microscopic identification and have analyzed at least 100 water and/or wastewater samples for
Giardia and/or Cryptosporidium. In addition, PE samples must be analyzed using the ICR
protozoan method and results must fall within acceptance limits. The principal analyst/super-
visor must also demonstrate acceptable performance during an on-site evaluation.

Analyst: This person(s) performs at the bench level under the supervision of a principal
analyst/supervisor and isinvolved in all aspects of the analysis, including preparation of
sampling equipment, filter extraction, sample processing, microscopic protozoan identification,
and data handling. Recording presence or absence of morphological characteristics may be
done by the analyst but must be confirmed by the principal analyst. The analyst must have
two years of college lecture and laboratory course work in microbiology or a closely related
field. The analyst also must have at least six months bench experience, must have at |least
three months experience with IFA techniques, and must have successfully analyzed at least 50
water and/or wastewater samples for Giardia and/or Cryptosporidium. Six months of
additional bench experience in the above areas may be substituted for two years of college. In
addition, PE samples must be analyzed using the ICR protozoan method and results must fall
within acceptance limits. The analyst must also demonstrate acceptable performance during
an on-site evaluation.
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Technician: This person extracts filters and processes the samples under the supervision of an
analyst, but does not perform microscopic protozoan detection and identification. The
technician must have at least three months experience in filter extraction and processing of
protozoa samples.

PART 12 - KEY WORDS

Antibody, Cryptosporidium parvum, cysts, fluorescence, Giardia, immunoassay, oocysts,
protozoa
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Appendix VII-1. CLEANING THE MANIFOLD AND WELLS
MANIFOLD

Step 1. After al the membrane filters have been mounted on glass dides (Part 10, Filter
M ounting, Step 8), remove the support filters and discard them.

Step 2. Open all the manifold valves and increase the vacuum pressure to the manifold by
closing the bleeder valve associated with the vacuum tubing.

Step 3.  Rinse each manifold filter support screen with 10-20 mL of 0.01% Tween 80
solution and then with 10-20 mL of water.

Step 4. Disconnect the manifold from the vacuum and wash the cover and fluid collection
box in warm detergent solution. Rinse with tap water and reagent water.

STAINLESSSTEEL WELLS

Step 1. Place acloth on the bottom of an autoclavable container which islarge enough to
accommodate al 10 stainless steel wellsin asingle layer.

Step 2. Put the stainless steel wellstop side down on the cloth. The rim on the underside of
thewell isfragile. Care must be taken to avoid scratching and denting the rim.

Step 3.  Add enough reagent water containing detergent to cover the stainless steel wells by
an inch or more.

Step 4. Autoclave the stainless steel container with the stainless steel wellsfor 15 min at 15
Ib/inand 121°C. Usethe dow exhaust mode at the completion of the autoclave cycle. This
step does not destroy cysts and oocysts, but aids the detergent in removing them.

Step 5. Transfer the wellsto a pan of hot detergent cleaning solution.

Step 6. Vigorously scrub the inside and bottom of each stainless steel well with a sponge or
brush. Note that this step is the most important part of the well cleaning procedure.

Step 7. Rinse each well with tap water followed by reagent water. Drain and air dry the
wells.

Step 8. Always check the bottom ridge of each stainless steel well for dents and scratches.

Step 9. If dents or scratches are found on the bottom of a stainless stedl well, do not use it
until it is properly reground.
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Appendix VI1-2. SAMPLE CALCULATION

POSITIVE SAMPLES

Assumethat a100 gal (380 L) water sample was collected. The sample was eluted
resulting in 5 mL of sediment. Fifty percent (2.5 mL) of the sediment was purified by Percoll-
sucrose flotation. Forty percent of the floated material was examined microscopicaly. A total
of 8 empty and 3 Giardia cysts with one interna structure were found. No Cryptosporidium
oocysts were observed. Using the formulain Part 10, Calculation:

\% = 380L
P = 5mL
F = 25/5=05
R = 40%=04
TG = 1
GW1s = 3
Giardia cysts with structures_ (GW1§)(100)
100 L FVR
_ __(3(100)
(0.5)(380)(0.4)
= 4 :
and

Total IFA Giardia cysts_ (TG)(100)
100 L FVR

(11)(100)
(0.5)(380)(0.4)

- 14
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NEGATIVE SAMPLES

Using the description for POSITIVE SAMPLES given above, no Cryptosporidium
oocysts were observed. The calculated detection limit per 100 L would be:

Total IFA Cryptosporidium oocysts _ (TC)(100)
100 L FVR
_ (<1)(100)
(0.5)(380)(0.4)
= <13
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Appendix VI1-3. GIARDIAREPORT FORM

Slide Prepared by:

Date Prepared:

Anayst:

Date Analyzed:

Object
Located
by IFA

No.

Giardia
Cystswith ©

Size
LxW

Shape

Empt
(oval or ’

Giardia

Giardia Cysts with Internal Structure

Amorphous
Structure

round) (um)

Morphological Characteristics

[
A v -
EBg Nu(ii )eus MBe(;jégn

v)

Axonemes
v)

Tota IFA
Giardia Count
V)

(D = A+B+C)

Olo|N|oO|OB|WIN]PF-

=
o

# with one morph. char.

Totd

# with > one morph. char.

Calculated Number of Empty Giardia Cysts/100 L

Calculated Number of Giardia Cysts with Amorphous Structure/100 L

Calculated Number of Giardia Cysts with one Internal Structure/100 L

Calculated Number of Giardia Cysts with more than one Interna Structure/100 L

mofo|w| >

Calculated Tota IFA Giardia Count /100 L




Appendix VII-4. CRYPTOSPORIDIUM REPORT FORM

Slide Prepared By: Date Prepared:
Anayst: Date Analyzed:
Object Shape Size Empty Cryptosporidium | Cryptosporidium Oocysts with Tota IFA
Located | (ovd or LxW Cryptosporidium | Oocysts with Internal Structure Cryptosporidium
by IFA round) (um) Oocysts Amorphous © Count
v Structure - — W)
No. gAg %/; Morphological Characteristics | (D = A+B+C)
° Sporozoite (#)
1
2
3
4
5
6
7
8
9
10
Total
A. Caculated Number of Empty Cryptosporidium Oocysts/100 L
B. Calculated Number of Cryptosporidium Oocysts with Amorphous Structure/100 L
C. Cdculated Number of Cryptosporidium Oocysts with Internal Structure/100 L
D. Calculated Total IFA Cryptosporidium Count/100 L




Appendix VII-5. MICROSCOPE ADJUSTMENTS *

The microscopic portion of this procedure depends upon very sophisticated optics.
Without proper alignment and adjustment of the microscope the instrument will not function at
maximal efficiency and the probability of obtaining the desired image (information) will not be
possible. Consequently, it isimperative the all portions of the microscope from the light
sources to the oculars are properly adjusted.

While microscopes from various vendors are configured somewhat differently, they all
operate on the same general physical principles. Therefore, slight deviations or adjustments
may be required to make these guidelines work for the particular instrument at hand.

EPIFLUORESCENT MERCURY BULB AND TRANSMITTED LIGHT BULB FILAMENT
ADJUSTMENT

The sole purpose of these proceduresis to insure even field illumination.
Mercury Bulb Adjustment:

This section assumes that you have successfully replaced the mercury bulb in your
particular lamp socket and reconnected the lamp socket to the lamp house. These instructions
also assume the condenser has been adjusted to produce Kohler illumination. Make sure that
you have not touched any glass portion of the mercury bulb with your bare fingers while
ingtallingit. WARNING: Never look at the ultraviolet light coming out of the mercury
lamp house or the ultraviolet light image without a barrier filter in place.

Step 1. Usualy thereisadiffuser lens between the lamp and the microscope which either
must be removed or swung out of the light path.

Step 2. Using a prepared microscope slide, adjust the focus so the image in the ocularsis
sharply defined.

Step 3. Replace the dide with abusiness card or a piece of lens paper.

Step 4. Close the field diaphragm (iris diaphragm in the microscope base) so only a small
point of light isvisible on the card. This dot of light tells you where the center of the field of
view is.

St(ﬂa 5.  Mount the mercury lamp house on the microscope without the diffuser lensin place
and turn on the mercury bulb.

Step 6. Remove the objective in the light path from the nosepiece. 'Y ou should see aprimary
(brighter) and secondary image (dimmer) of the mercury bulb arc on the card after focusing the
image with the appropriate adjustment.

SteB 7. Using the other lamp house adjustments, adjust the primary and secondary mercury
Bul |magﬁsso they are side by side (parallel to each other) with the transmitted light dot in
etween them.

Step 8.  Reattach the objective to the nosepiece.

1Smith, R.F. 1982. Microscopy and Photomicrography: A Practical Guide.
Appleton-Century-Crofts, New Y ork.
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Step 9. Insert the diffuser lensinto the light path between the mercury lamp house and the
microscope.

St(g) 10. Turn off the transmitted light, remove the card from the stage, and replace it with a
dide of fluorescent material. Check thefield for even fluorescent illumination. Adjustment of
the diffuser lenswill most likely be required. Additional dight adjustments asin Step 6 above
may be required.

SteB 11. Maintain alog of the number of hoursthe U.V. bulb has been used. Never usethe
bulb for longer than it has been rated. Fifty watt bulbs should not be used longer than 100
hours; 100 watt bulbs should not be used longer than 200 hours.

Transmitted Bulb Adjustment:

This section assumes that you have successfully replaced the transmitted bulb in your
ﬁarticular lamp socket and reconnect the lamp socket to the lamp house. M ake sure that you
ave not touched any glass portion of the transmitted light bulb with your bare fingers while
installin? it. Theseinstructions also assume the condenser has been adjusted to produce
Koéhler illumination.

Step 1. Usually thereis adiffuser lens between the Iamﬁ and the microscope which either
must be removed or swung out of the light path. Reattach the lamp house to the microscope.

Step 2.  Using a prepared microscope slide and a40X (or similar) objective, adjust the focus
so theimage in the oculars is sharply defined.

Step 3. Without the ocular or Bertrand optics in place the pupil and filament image inside
can be seen at the bottom of the tube.

Step 4.  Focus the lamp filament image with the appropriate adjustment on your lamp house.

Step 5. Similarly, center the lamp filament image within the pupil with the appropriate
adjustment(s) on your lamp house.

Step 6. Insert the diffuser lensinto the light path between the transmitted lamp house and the
Mi Croscope.

ADJUSTMENT OF INTERPUPILLARY DISTANCE AND OCULARSFOR EACH EYE

These adjustments are necessary, so eye strain is reduced to aminimum. These adjust-
ments must be made for each individual using the microscope. This section assumes the use of
abinocular microscope.

I nter pupillary Distance:

The spacing between the eyes varies from person to person and must be adjusted for each
individual using the microscope.

Step 1. Place aprepared slide on the microscope stage, turn on the transmitted light, and
focus the specimen image using the coarse and fine adjustment knobs.

Step 2. Using both hands, adjust the ocularsin and out until asinglecircle of lightis
observed while looking through the two oculars with both eyes.
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Ocular Adjustment for Each Eye.:

This section assumes afocusing ocular(s). This adjustment can be made two ways,
depending upon whether or not the microscope is capable of photomicrography and whether it
is equipped with a photographic frame which can be seen through the binoculars. Precaution:
Persons with astigmatic eyes should always wear their contact lenses or glasses when using the

Mi Croscope.

1. For microscopes not capable of photomicrography. This section assumes only the right
ocular is capable of adjustment.

Step 1. Place aprepared slide on the microscope stage, turn on the transmitted light, and
focus the specimen image using the coarse and fine adjustment knobs.

Step 2. Place acard between the right ocular and eye keeping both eyes open. Using
the fine adjustment, focus the image for the |eft eye to its sharpest point.

Step 3.  Now transfer the card to between the left eye and ocular. Keeping both eyes
open, bring the image for the right eye into sharp focus by adjusting the ocular
collar at the top of the ocular, without touching the coarse or fine adjustment.

2. For microscopes capable of viewing a photographic frame through the viewing binocu-
lars. This section assumes both oculars are adjustable.

Step 1. Place aprepared slide on the microscope stage, turn on the transmitted light, and
focus the specimen image using the coarse and fine adjustment knobs.

Step 2. After activating the photographic frame, place a card between the right ocular
and eye keeping both eyes open. Using the correction (focusing) collar on the
left ocular focus the left ocular until the double linesin the center of the frame
are as sharply focused as possible.

Step 3.  Now transfer the card to between the left eye and ocular. Again keeping both
eyes open, bring the image of the double linesin the center of the photographic
frameinto as sharp afocus for the right e%e as possible by adjusting the ocular
correction (focusing) collar at the top of the right ocular.

CALIBRATION OF AN OCULAR MICROMETER"

This section assumes that an ocular reticle has been installed in one of the oculars by a
microscopy specialist and that a stage micrometer is available for calibrating the ocular
micrometer (reticle). Onceinstalled the ocular reticle should be left in place. The more an
ocular is manipulated the greater the probability isfor it to become contaminated with dust
particles. This calibration should be done for each objective in use on the microscope. If there

2Melvin, D.M. and M.M. Brooke. 1982. L aboratory Procedures for the Diagnosis of
Intestinal Parasites. U.S. Department of Health and Human Services, HHS Publication
No. (CDC) 82-8282.
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isan optivar*® on the microscope, then the calibration procedure must be done for the respec-
tive objective at each optivar setting.

Step 1.  Place the stage micrometer on the microscope stage, turn on the transmitted light, and
focus the micrometer image using the coarse and fine adjustment knobs for the objective to be
calibrated. Continue adjusting the focus on the stage micrometer so you can distinguish
between the large (0.1 mm) and the small (0.01 mm) divisions.

Step 2. Adjust the stage and ocular with the micrometer so the O line on the ocular microme-
ter 1s exactly superimposed on the O line on the stage micrometer.

Step 3. Without changing the stage adjustment, find a point as distant as possible from the
two 0 lines where two other lines are exactly superimposed.

Step 4. Determine the number of ocular micrometer spaces as well as the number of
millimeters on the stage micrometer between the two points of superimposition.

For example: Suppose 48 ocular micrometer spaces equal 0.6 mm.
Step 5. Calculate the number of mm/ocular micrometer space.

For example:
0.6 mm B 0.0125 mm

48 ocular micrometer spaces  ocular micrometer space

Step 6. Since most measurements of microorganisms are given in xm rather than mm, the
value calculated above must be converted to «m by multiplying it by 1000 wm/mm.

For example:
0.0125 mm X 1,000 pm _ 12.5 um
Ocular Micrometer Space mm Ocular Micrometer Space

Step 7. Follow Steps 1 through 6 for each objective. It is helpful to record thisinformation
in atabular format, like the example below, which can be kept near the microscope.

3A device between the objectives and the oculars that is capable of adjusting the total
magnification.
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ltem Obj. Description No. of No. of um/Ocular

# Power Ocular Stage Micrometer
Microm. Microm. Space”
Spaces mm?

1 10X N.A.c=

2 20X | N.A. =

3 40X N.A. =

4 100X | N.A. =

21000 m/mm

b (Stage Micrometer length in mm x (1,000 m/mm)) + No. Ocular Micrometer Spaces
°N.A. stands for numerical aperture. The numerical aperture value is engraved on the
barrel of the objective.

KOHLER ILLUMINATION

This section assumes that Kohler illumination will be established for only the 100X oil
D.1.C. or Hoffman modulation® objective which will be used to identify internal morphologi-
cal characteristicsin Giardia cysts and Cryptosporidium oocysts. If by chance more than one
objective isto be used for either D.1.C. or Hoffman modulation® optics, then each time the
objective is changed, Kohler illumination must be reestablished for the new objective lens.
Previous sections have adjusted oculars and light sources. This section aligns and focuses the
light going through the condenser underneath the stage at the specimen to be observed. If
Kohler illumination is not properly established, then D.I.C. or Hoffman modulation® optics
will not work to their maximal potential. These Steps need to become second nature and must
be practiced regularly until they are amatter of reflex rather than a chore.

Step 1. Place aprepared slide on the microscope stage, place oil on the slide, move the 100X
oil objective into place, turn on the transmitted light, and focus the specimen image using the
coarse and fine adjustment knobs.

Step 2. At this point both the radiant field diaphragm in the microscope base and the
aperture diaphragm in the condenser should be wide open. Now close down the radiant field
diaphragm in the microscope base until the lighted field is reduced to a small opening.

Step3. Us n? the condenser centering screws on the front right and left of the condenser,
move the small lighted portion of the field to the center of the visual field.

Step4. Now look to see whether the leaves of theirisfield diaphragm are sharply defined
(focused) or not. If they are not sharply defined, then they can be focused distinctly by
changing the height of the condenser up and down with the condenser focusing knob while
you are looking through the binoculars. Once you have accomplished the precise focusing of
the radiant field diaphragm leaves, open the radiant field diaphragm until the leaves just
disappear from view.
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Step 5. The aperture diaphragm of the condenser is adjusted now to make it compatible with
the total numerical aperture of the optical system. Thisisdone by removing an ocular, looking
into the tube at the rear focal plane of the objective, and stopping down the aperture diaphragm
irisleaves until they are visible just inside the rear plane of the objective.

Step 6. After completing the adjustment of the aperture diaphragm in the condenser, return

the ocular to its tube and proceed with the adjustments required to establish either D.1.C. or
Hoffman modulation® optics.
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FOREWORD

The surface water treatment rule (40 CFR Part 141) established the maximum contam-
ination level for enteric virusin public water systems by requiring that systems using surface
water or ground water under the influence of surface water reduce the amount of virusin
source water by 99.99%. The rule requirements are currently met on basis of treatment alone
(e.g., disinfection and/or filtration), and thus the degree of actual protection against waterborne
viral disease depends upon the source water quality. Utilities using virus-free source water or
source water with low virus levels may be overtreating their water, while utilities using highly
contaminated water may not be providing adequate protection. To determine more adequately
the level of protection from virusinfection and to reduce the levels of disinfection and
disinfection byproducts, where appropriate, the U.S. EPA isrequiring al utilities serving a
population of over 100,000 to monitor their source water for viruses monthly for a period of 18
months. Systems finding greater than one infectious enteric virus particle per liter of source
water must also monitor their finished water on amonthly basis. The authority for this
requirement is Section 1445(a)(1) of the Safe Drinking Water Act, as amended in 1986.

This Virus Monitoring Protocol was developed by virologists at the U.S. EPA and
modified to reflect consensus agreements from the scientific community and comments to the
draft rule. The procedures contained herein do not preclude the use of additional tests for
research purposes (e.g., polymerase chain reaction-based detection methods for non-cytopathic
Viruses).

The concentrated water samples to be monitored may contain pathogenic human enteric
viruses. Laboratories performing virus analyses are responsible for establishing an adequate
safety plan and must rigorously follow the guidelines on sterilization and aseptic techniques
giveninPart 5.

Analytical Reagent or ACS grade chemicals (unless specified otherwise) and deionized or
distilled reagent grade water (dH,O; see Table 1VV-1) should be used to prepare all media and
reagents. The dH,O must have aresistance of greater than 0.5 megohms-cm at 25°C, but
water with aresistance of 18 megohms-cm is preferred. Water and other reagent solutions
may be available commercialy. For any given section of this protocol only apparatus,
materials, media and reagents that are not described in previous sections are listed, except
where deemed necessary. The amount of media prepared for each Part of the Protocol may be
increased proportionally to the number of samplesto be analyzed.
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PART 1— SAMPLE COLLECTION PROCEDURE

APPARATUSAND MATERIALS

Several configurations are given below for the assembly of the filter apparatus. The
standard filter apparatuswill be used for all sampling, except where a prefilter, dechlorination
or pH adjustment are required.

1. Standard filter apparatus (see Figure VI111-1).

a  Partsneeded (lettersin bold print represent the origin of the abbreviations used to
identify partsin the figures):

i.  OneBR — Backflow Regulator (Watts Regulator' Product Series 8 — 34" Hose
Connection Vacuum Breaker).

ii.  OneSF— Swive Female insert with garden hose threads (United States Plastic
Product No. 63003).

iii.  Threesectionsof BT — Braided Tubing, ¥2" clear (Cole-Parmer Product No. G-
06401-03).

iv.  SixHC1— Hose Clamps (Cole-Parmer Product No. G-06403-20).

v.  OneHF1— Hose Fitting, nylon, 3" male NPT x 22" tubing ID (United States
Plastic Product No. 61141).

vi.  OnePR — Pressure Regulator (Watts Regulator Product No. 35" 26A (or
263A), Suffix B).

vii.  OnePN — PVC Nipple, 36" male NPT (Ryan Herco Product No. 3861-057; not
required with the 263A regulator).

viii.  OneTE— PVC TEE with 35" female NPT ports (Ryan Herco Product No.
3805-003; not required with the 263A regulator).

iX.  OneRB1— Reducing Bushing, 35" NPT(M) x 4" NPT (F) (Cole-Parmer
Product No. G-06349-32; not required with the 263A regulator).

1See Part 7 for addresses of the vendors listed. The vendors listed in this protocol
represent one possible